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STUDIES  ON  BACILLUS  ANTiUtACIS 
INTRODUCTION 


Weolsorters'  Disease 

"New  as  in  tha  esse  of  other  specific  poisons,  so  in  this  one  of  anthrax, 
it  is  not  all  class?*  of  anlaals  that  are  equally  susceptible  to  its  influence; 
nor  is  the  ease  animal  at  all  tines  and  under  all  circumstances  capable  of 
heirs  infected.  That  the  human  race  is  one  showing  an  Inferior  susceptibility 
to  the  infection  is  a  conclusion  X  think  fully  justified.  Doubtless  many  esses 
of  anthrax  in  nan  occur,  and  past  unrecognised  (tha  experience  of  Bradford 
shows  it),  and  the  certainty  that  it  it  ao  ia  a  paint  worthy  the  attentive 
consideration  of  the  medical  profession  generally;  but  having  regard  te  the 
manifold  way*  in  which  the  poison  Bust  be  distributed  ever  the  country  •«  ways 
numerous  it  seeas  beyond  ell  previous  conception  even  frost  this  one  manufacture, 
we  can  only  explain  the  unrecorded  occurrence  of  tha  disease  amongst  the  general 
population  by  acknowledging  this  inferior  auaceptlbllity.  If,  too,  it  were 
readily  transmissible  to  sun,  we  should,  I  certainly  think,  having  regard  to 
the  nature  of  the  occupation,  expect  the  wool sorters  themselves  to  suffer  more 
frequently;  end,  when  they  become  infected,  we  might  expect  the  disease  te 
spread  sometimes  to  others;  for  experiments  on  animals  prove  that  the  poison 
es  it  exists  in  the  hunts n  bedy  la  actively  Infective.  The  behavior  of  the 
disease  itself,  again,  a  study  of  what  has  preceded  in  the  text  of  the  Report 
will  shew,  greatly  favours  this  conclusion.  There  is  considerable  evidence, 
for  exaarple,  that  the  storbific  material  may  remain  for  a  variable  time  latent 
in  the  body.  In  man  it  ia  at  any  rata  much  leas  sudden  in  its  offaets  than  in 
the  more  susceptible  species  of  animals.  X  have  no  cases  of  so-called  "light¬ 
ning'*  or  "apeplectifonf  attack  to  record.  Tha  disease  in  its  stags  of  invasion 
differs  widely  too,  not  only  from  these  cases  amongst  animals,  but  in  different 
individuals.  Thus  this  stage  of  invasion  or  prodromata  is  apparently  of  in¬ 
determinate  course,  it  may  sometimes  bo  prolonged;  tha  symptoms  may  even 
apparently  be  intermittent.  The  evidence,  too,  is  almoet  conclusive  that  the 
disease  often  passes  little  or  sot  at  all  beyond  this  stage;  that.  In  fact. 

It  aborts.  Further,  since  the  bacillus  anthraci*  is  rarely  if  ever  found 
swarming  in  the  blood  of  any  animal  until  death  is  at  least  imminent,  a 
superior  power  of  resistance  to  the  progress  of  the  disease,  such  as  the  con¬ 
ditions  above  remarked  upon  indicate,  ie,  we  might  conclude,  dependent,  not 
upon  any  exceptional  individual  tolerance  of  the  presence  of  the  contagion, 
but  upon -some  actual  restraining  influence  affecting  the  intrinsic  power  of 
development,  end  of  diffusion,  of  the  contagion  itself.  The  wholo  picture  of 
the  infective  process  in  meny  of  these  cases  of  anthrax  in  man  ie  suggestive, 
then,  in  e  peculiar  degree,  ef  a  poison,  at  first  and  for  a  variable  time,  to 
use  en  expression  of  Darwin's  'barely  sble  to  prolong  its  existence* ;  but 
with  the  breaking  down  of  unknown  barriers,  or  with  the  advent  to  the  blood 
or  tissues  of  something  favourable  to  its  rapid  multiplication,  or  perhaps  in 
both  these  contingencies,  there  quickly  end  often  most  unexpectedly  ensue  the 
characteristic  tumultuous  course  of  the  fully  developed  disease  end  swift  end 
sudden  termination. 


"Mill  eur  knowledge  allow  to  auggeat  aa  explanation  of  thaae  peculiarly 
lurked  phenossena  of  individual  auaceptibility  or  iaarjnity  in  anthrax?  Their 
explanation  la  neceaaary  to  a  due  understanding  of  the  pathology  of  the  dlseace, 
or  for  lta  acientlflc  treatment)  and  every  eircuaatance  that  appears  to  bear 
upon  the  subject  la  worthy  therefore  of  discussion." 

Ttcvh  "(ha  the  so-called  'Wnolaortera  Dleeaaa*  aa  ok  carved  at  Bradford  and 
in  K*lg,bbox inf  Districts  in  the  Vast  tiding  ef  Yorkshire" ,  by 
Mr.  John  Spear,  teg  Med  Off  Local  Govt  M  1830,  App.  A,  Wo.  8, 
pp.  131-132,  1881. 


STUDIES  ON  RACILLUS  ANTHPACIS 


PART  1 

RESPIRATORY  ANTHRAX  IN  DOGS,  PIGS,  AND  SKIRP 
(Gochenour,  Gleiser,  Ward,  Overholt,  Huff  and  Tigertt) 

I,  INTRODUCTION 

This  study  on  Bacillus  anthracls  was  undertaken  to  provide  familiarization 
with  the  disease  In  large  animals  and  information  on  the  pathogenesis  of 
respiratory  anthrax  in  dogs,  pigs,  and  sheep. 

Specific  objectives  were  determination  of:  (1)  sites  of  primary  host- 
parasite  Interaction,  (2)  defense  mechanisms  Involved,  (3)  manner  snd  routes 
of  spread  from  areas  of  primary  involvement,  and  (4)  early  recognition  of 
infection.  The  early  diagnostic  approaches  considered  were  demonstration 
of  bacteremia  or  specific  toxemia  and  enlargement  of  such  thorsclc  lymph  nodes 
as  might  be  demonstrable  by  roentgen  examination. 

11.  MATERIALS.  METHODS.  AND  RESULTS 


A.  EXPOSURE  DEVICE 

The  information  sought  in  these  studies  required  observation  and  serial 
sacrifice  of  large  animals  simultaneously  exposed  to  •  common  respiratory 
challenge  of  B.  anthracls.  No  suitable  exposure  device  capable  of  such  ex¬ 
posure  conditions  was  available.  It  was  therefore  necessary  to  design,  fab¬ 
ricate  and  test  a  device  for  this  specific  study.  The  limitation  imposed  by 
safety,  as  well  aa  the  requirement  for  supporting  laboratory  and  animal  hold¬ 
ing  epace,  dictated  the  location  at  Dugway  Proving  Ground  (DPG).  A  report  ia 
available  on  the  details!/. 

A  simple,  rectangular  wind  tunnel,  approximately  100  ft  long  and  6  ft  in 
cross-section  was  used  (Figure  1).  At  the  upwind  end  a  standard  fixture 
(Figure  2)  was  used  to  generate  the  aerosols.  Animal  exposure  ports  and  im- 
plngers  (Figure  3)  were  located  on  either  side.  Deep-bed  bacterial  filters 
(Figure  4)  were  located  further  downwind. 

Animals  to  be  exposed  were  placed  on  litters  (Figure  5)  exterior  to  the 
tunuel;  their  heads  were  Inserted  through  rubber  diaphragms  opening  to  the 
interior  (Figure  6). 

A  series  of  calibration  tests  using  Bacillus  subtills  var.  niger  aa  a 
simulant  demonstrated  that  the  desired  challenge  level  of  100,000  to  400,000 
spores  (presented  to  an  animal  breathing  at  the  rate  of  4  L/min)  was  obtain¬ 
able.  It  was  also  shown  that  cloud  concentrations,  as  measured  by  6  L/min 
all-glass  impingers  cutting  off  at  5fi  particle  size,  did  not  vary  signifi¬ 
cantly  over  the  length  of  the  exposure  section. 


FIGURE  i  ANIMAL.  POSITIONING  DEVICE. 

riCLI*E  6  SHEW  ftCSTPAiNED  IN  POSITIONING  OCVICC. 
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B.  CIULLTJC.R  STRAIN 

The  challenge  strain  of  B.  anthrecl »  employed  In  thasa  studies  was  «  con¬ 
centrated,  phenolated  spore  suspension  of  Vollua-139  prepared  July  5,  1957, 
by  personnel  of  Medical  Investigation  Division,  Fort  Datrlck.  Four  liters  of 
suspension  (in  vaccina  bottles  packed  in  vet  lea)  wars  flown  to  DFG  in 
September  of  that  year.  Spore  counts  for  viability  made  at  vacious  times 
before  and  after  shipment  to  DFG  revealed  no  apparent  reduction  in  viable  cell 
count  in  one  year's  storage;  the  nominal  count  was  4  x  10*®  spores/al.  Titra¬ 
tions  In  mice  and  guinea  pigs  shoved  no  significant  loss  in  virulence  over  the 
same  period. 

C.  ANIMALS 

Swine,  donkeys,  dogs,  and  sheep  for  the  1957  trials  were  procured  by  the 
Veterinary  Division,  Walter  Seed  Army  Institute  of  Research  (VRAIR)  and  air 
transported  to  DFG  approx 1m tely  three  weeks  prior  to  the  September  trial. 
Swine  were  of  mixed  breeds,  weighing  73  to  95  pounds  (avg.  84)  in  the  first 
trial  and  66  to  69  pounds  (avg.  66.5)  in  the  second.  Swine  had  been  immunized 
with  live  hog  cholera  vaccine  (rabbit  propagated)  two  weeks  prior  to  shipment. 
Macaca  mulatta  monkeys  weighed  approx 1m tely  7  pounds.  Dogs  ware  mongrels, 
weighing  29  to  38  pounds  (avg.  34);  they  had  been  immunized  with  chick  embryo- 
propagated,  live  rabies  vaccine  and  killed  combined  canine  distemper-infec¬ 
tious  hepatitis  vaccine.  Sheep  were  mixed  breeds  ranging  in  weight  from  54 
to  77  pounds  (avg.  62);  they  had  been  immunized  with  e  killed  vaccine  against 
Pasteurella  multoclda. 

D.  PATHOGENESIS  STUDIES  IN  GUINEA  FIGS  (INTRA CUTANEOUS  CHALLENGE) 

1.  Trial  I,  August  19,  1957. 

Each  of  36  guinea  pigs  were  Inoculated  lntracutaneously  in  the  right 
flank  with  0.1  ml  of  a  dilution  of  suspension  containing  approximately  256 
spores.  Three  animals  were  sacrificed  at  each  of  tha  following  hours  post¬ 
challenge:  6,  18,  24,  30,  42,  48,  54,  66,  72,  and  78.  Sacrifice  was  by 
cardiac  exaanguination  of  anesthetized  animals.  Five-tenths  milliliter  of 
blood  was  plated  in  two  nutrient  agar  pour-plates  the  remeinder  being  allowed 
to  clot  for  future  serological  studies. 

The  right  inguinal  lymph  node  from  two  and  approximately  one-third  of 
the  spleen  of  three  animals  were  emulsified  in  approximately  2.0  ml  of  nu¬ 
trient  broth  in  a  tissue  grinder.  The  node  from  the  third  animal  and  the  re¬ 
maining  portions  of  spleens  were  preserved  in  formalin  or  quick  frozen  with 
carbon  dioxide  and  alcohol  for  histologic  examination.  At  autopsy  other 
tissues  including  tha  site  of  inoculation,  lungs,  heart,  mediastinum,  liver, 
kidneys,  and  adrenal  glands  were  fixed  for  further  study. 

Results  of  cultures  of  blood,  spleen,  and  lymph  node  are  shown  in 

Table  I. 

Occasional  organisms  were  recovered  aa  early  as  six  hours  from  a 
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lynph  node  near  the  ilte  of  inoculation.  Recoveries  were,  in  general,  irregu¬ 
lar  until  about  42  houra  when  at  least  one  sample  of  each  type  yielded!  organ!**#. 
The  pour-plates  aa  used  here  were  somewhat  difficult  to  read;  it  vat  therefore 
planned  to  use  blood  agar  streak-plates  as  veil  as  pour-plates  in  Trial  II. 

TAILS  I.  ISOLATION  OP  B.  A*mAO$  PROM  TISSUES  CF  X17ECTZD  CtTIKSA 
PIC3  AT  YARIGU3  TIK2  IKT2SVALS  APT2S  CKALLSNGI 


KGU13  FCST- 
IIJ0CUUTI0H 

RECOVERY  FROM  SPICIK2H 

BY  CULTUSX 

Heart 

Blood 

Spleen 

Sight  Inguinal 

Lymph  node 

6 

.  . 

m  m  mt 

4  - 

18 

•  m  as 

4  -  - 

m  m 

24 

«•  m  m 

m  m  m 

m  m 

30 

♦  *  - 

4  ♦ 

42 

♦  -  - 

♦  -  - 

+  4 

48 

♦  -  - 

+  -f  - 

♦  4 

54 

4  +  ♦ 

444 

4  4 

66 

♦  4 

+  ♦  4 

4  4 

72 

♦  +  4 

♦  +  - 

4  4 

78 

♦ 

♦ 

4 

(August  19,  1957) 


a.  Minus  sign  (-)  Indicates  no  Isolation.  Plus  sign  (4)  Indicates 
Isolation  of  B.  anthracls. 

2.  Trial  II,  September  9,  1958. 

This  trial  was  conducted  not  only  to  check  the  plating  techniques  but 
to  attempt  to  detect  circulating  antigen  in  the  blood.  Twenty-one  guinea  pigs 
were  Inoculated  aa  before.  Sacrifices  were  made  at  6,  12,  24,  30,  and  36 
hours,  three  animals  each.  One  animal  remaining  alive  after  this  time  was 
sacrificed  at  54  hours.  Pour  plates  were  prepared  as  before  and  0.5  ml  was 
streaked  on  two  blood  agar  plates.  Two  ml  were  placed  In  an  equal  volume  of 
Alsever' s  solution^'  for  preservation  and  study  on  circulating  anthrax 
antigen. 


J8.  anthracls  was  isolated  from  only  one  animal's  blood  during  the  first 
36  hours.  At  54  hours  the  surviving  guinea  pig  had  a  positive  blood  culture. 
The  two  plating  techniques  gave  identical  results. 


F..  MISCELLANEOUS 


Details  of  meteorological  condition*,  animal  positioning  and  do*«  ssti- 
ins t e *  are  contained  in  CFG  Technical  Report,  DPGR  233^-', 

F.  RESPIRATORY  CKAUSJSIS3 

1.  The  first  respiratory  exposure  of  sheep,  dogs,  pigs  end  monkey*  was 
conducted  on  September  24,  1957,  using  six  of  each.  The  second  exposure  of 

15  sheep,  8  pigs,  and  8  dogs  was  conducted  on  October  10,  to  extond  the  obser- 
vat  Ions  made  on  the  first  test  group.  Itspinger  estlcates  Indicated  that  the 
same  order  of  magnitude  of  dosage  was  obtained;  results  were  therefore  com¬ 
bined. 

2.  Sacrifice  Method 

All  animale  were  sacrificed  by  exaangulnatlon  with  a  vacuus  device 
under  Nembutal  anesthesia,  to  reduce  the  possibility  of  gross  contamination  of 
organs  and  the  general  environment  by  blood  that  might  contain  B.  anthracla. 

At  death  the  animals  were  immediately  autopsied;  specimens  of  viscera  ware 
aseptically  selected  and  iassedlataly  forwarded  to  the  bacteriology  laboratory. 
Other  specimens  were  collected  and  fixed  in  10  per  cent  formalin  for  histo¬ 
logic  examination.  Selected  epecimena  were  also  frozen  In  dry  ice  and  alcohol 
for  future  studies. 

3.  Bacteriological  examinations 

Blood  specimens  for  culture  were  collected  in  vaccina  bottlaa  contain¬ 
ing  an  equal  volume  of  Alaever's  solution.  Two  cultural  methods  were  employed: 
(a)  direct  plating  of  2  ml  distributed  equally  among  four  bloodagar  plates 
prepared  from  Oifco  blood  agar  baae^'  and  containing  5  per  cent  defibrlnated 
sheep  blood  and  (b)  the  inoculation  of  10  ad  into  a  Castaneda-type  bottle  con¬ 
taining  a  diphasic  tryptosa  medium-**^.  Flatea  and  bottles  were  incubated  at 
37*C,  72  hours  for  plates  and  at  least  one  week  for  bottles  before  discarding. 

The  following  tissues  and  body  fluids  were  collected  aseptically  at 
autopay  for  bacteriologic  examination: 

Fluids:  blood,  bile,  urine,  end  stomach  and  inteatiral  contanta. 

Swabs:  bronchus,  turblnata,  and  sinus. 

Lymph  nodes:  tracheobronchial,  hilar,  mediastinal,  aubaaxlllary, 
cervical,  and  mesenteric. 

Other  tissues:  lung,  tonsil,  asninges,  liver,  kidney,  and  eplean. 

Samples  of  tissue  provided  for  culture  at  autopsy  were  transferred 
from  the  sterile  Fetri  dishes  in  which  they  were  received  to  Tenbroek  tissue 
grinders.  Approximately  1.5  ml  of  broth  was  added  and  the  tissue  emulsified. 


The  content*  of  the  grinder*  were  removed  with  •  ayringe  and  divided  between 
two  blood  or  tryptos*  agar  plate*. 

The  inoculum  wa*  spread  on  all  plate*  with  conventional  gla**  spreader*. 
The  plate*  were  than  covered  with  atarlla  absorbent  top*  and  allowed  to  dry  In 
an  upright  position  bafora  Inverting  for  Incubation  aa  described  above. 

4.  Result*. 

a.  Monkeys: 

Morning  temperature*  were  taken  on  5  of  6  aonkeye  exposed.  With  the 
exception  of  a  temperature  of  104. 0*P  on  the  second*expoeure  day  In  one  aonkey 
all  othar  temperature*  were  within  normal  Halt*  (<103. 0*?).  The  animals  re¬ 
mained  alert  and  active;  their  appetites  remained  good;  they  showed  no  prodromal 
elgns  of  infection.  All  anlaals  died  suddenly  with  little  or  no  warning  of  lm- 
pending  axltua.  On  day  3  two  animals  ware  dead  In  the  aomlng  and  one  In  the 
afternoon;  two  were  dead  on  the  aornlng  of  day  4;  and  tha  remaining  animal  died 
on  tha  fifth  morning. 

A  limited  autopsy  performed  on  a  day* 3  monkey  revealed  subcutaneous 
and  retroperitoneal  hemorrhages  and  hemorrhagic  mediaatlnltls.  Moat  of  tha 
lymph  nodes  were  hemorrhagic  aa  were  the  tonsils.  Tha  spleen  was  not  markedly 
enlarged.  Blood  films  showed  numerous  anthrax  bacilli. 

b.  Sheep: 

Clinical  observations:  Xasplratory  anthrax  in  sheep  was  an  acuta 
febrile  Illness.  Aside  from  fever,  th*  animals  that  died  appeared  alert  until 
a  few  hours  before  death.  Their  appetites  remained  good,  rumination  waa  unin* 
terrupted,  and  tha  animals  appeared  neither  lethargic  nor  hyperaxcltabla.  The 
febrile  pattern  observed  in  this  group  of  animals  is  shown  In  Flgura  7.  (For 
graphic  reasons  in  this  figure  and  othar  similar  ones,  temperatures  between 
104.2  and  105. 0*F  are  shown  as  105. 0*F;  105.2  to  106. 0*F  as  106.0*7,  and  so 
on.)  With  one  exception  (Ho.  22),  an  animal  found  dead  on  tha  morning  of  day 
2,  all  animals  were  febrile  during  the  period  of  observation.  Thar*  was  uau* 
ally  a  precipitous  drop  la  body  tempe  *ure  shortly  befors  death. 

Bacteriological  Examinations:  It  may  ba  noted  from  Flgura  7  that 
tAtare  demonstration  of  bactertmia  was  attempted,  positivity  was  associated  with 
the  onset  of  fever.  Two  control  animals  In  a  limited  therapy  trlaiV  were  more 
exhaustively  studied  than  those  scheduled  here  for  serial  sacrifice;  In  one. 

Mo.  7,  disease  terminated  In  death  at  the  end  of  the  third  day  (Figure  8). 

The  other  animal,  despite  a  positive  blood  culture  late  on  day  2  and  a  pro* 
tractad  period  of  high  fever,  days  2  through  6,  made  an  unavantful  recovery 
with  no  specific  or  supportive  therspy. 

Table  XI  shows  the  bacterlologic  findings  at  time  of  sacrifice. 
Organisms  were  found  in  tha  lungs  of  all  animals  Including  tha  15- day  survivor. 
Generalised  bacteremia  was  wpparent  at  28  hours  post*exposure ,  but  not  at  15 
days. 
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FIGURE  7.  TEMPERATURE  AND  BLOOD  CULTURE 

RESULTS  IN  SERIALLY-SACRIFICED  SHEEP 
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a.  82-hour  animal  (No.  9)  omitted  as  no  bacteriological  examination. was  done. 

b.  Day  of  sacrifice. 

c.  ND:  not  done. 

d.  C:  contaminated. 

Gross  Pathology:  The  earliest  time  of  sacrifice  of  an  animal,  not 
complicated  by  lesions  of  caseous  lymphadenitis,  was  28  hours;  at  this  time 
mediastinal  nodes  were  somewhat  enlarged.  At  33  hours  these  nodes  were  defin¬ 
itely  prominent.  This  change  was  not  present  at  38  hours  In  an  animal  with 
caseous  lymphadenitis.  At  56  hours  the  mediastinal  nodes  were  markedly  en¬ 
larged  and  hemorrhagic  but  retained  their  identity;  there  were  focal  hemor¬ 
rhages  throughout  the  mediastinum  and  the  neck  strap  muscles.  At  82  hours  all 
lesions  were  more  advanced.  In  several  animals  the  cervical  nodes  were  prom¬ 
inent  but  the  significance  of  this,  if  any.  Is  not  appreciated.  In  contrast 
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to  the  textbook  descriptions  of  ovine  anthrax  the  spleen  mi  not  enlarged  nor 
re  there  diffuse  hemorrhages. 

Microscopic  Fathology:  Influx  of  macrophages  Into  the  sinuses  of 
many  of  the  lvr?h  nodes  was  observed  In  the  animals  sacrificed  eerly.  At  56 
hours  end  letar  there  vas  virtual  dlsolutlon  of  the  nodes  with  severe  edara, 
so®a  hassorrhage ,  disappearance  of  the  lyssphold  elements,  and  a  moderately 
heavy  Infiltration  of  neutrophlla  and  aoalnophlle.  Clutrps  of  fibrin  were 
present  end  vegetative  organisms  were  abundant  throughout  the  section.  (Fig* 
ures  27  end  28)  The  mediastinal  nodes  at  56  and  82  hours  were  hemorrhagic. 

At  56  hours  there  was  a  lesion  in  the  luna  Involving  the  bronch¬ 
ioles  and  the  adjacent  pulmonary  parenchyma  which  was  similar  to  tha  late 
neerotlslng  lesion  in  the  lymph  nodes  (Figures  29  end  30).  There  wee  marked 
dilation  of  the  subaucosa  of  the  Involved  bronchiole*}  the  epithelium  of  the 
bronchus  was  Intact.  However,  the  submucosa  was  swollen  and  filled  with  neu¬ 
trophils,  clump*  of  fibrin,  eosinophils,  and  numerous  vegetative  organisms. 

This  process  extended  into  the  adjacent  pulmonary  parenchyma.  Masses  of  fibrin 
were  seen  in  adjacent  blood  vessels.  The  impression  was  that  the  lymphatics 
in  the  wall*  of  the  bronchi  were  tha  focal  point  of  this  lesion,  leaving  the 
bronchial  epithelium  end  muscle  layers  intact.  Tha  normal  architecture  of  the 
adjacent  pulmonary  parenchyma  wa*  completely  destroyed.  Hemorrhagic  enteritis 
as  seen  In  the  intestines  of  sheep  Ho.  19  was  probably  a  terminal  phenomenon, 
as  was  also  tha  myocardial  degeneration. 

There  was  e  marked  influx  of  neutrophils  into  the  spleen  of  sheep 
Ho.  24,  sacrificed  at  38  hours.  Acute  lysis  wee  noted  in  the  spleen  of  animal 
No.  9  sacrificed  at  82  hours. 

Using  tha  Brown  and  Brenn  (BAB)  stein,  masses  of  bacilli  were  dem¬ 
onstrated  in  the  hilar  lymph  nodes  of  the  28-  (Figures  31  end  32)  end  33-hour- 
secrlflce  animals.  Ho  bacilli  could  be  found  in  tha  lung  sections  of  these 

animals. 


Incidental  lesions  of  caseous  lymphadenitis  and  lungworm  infection 
were  present  in  the  lungs  and  lymph  nodes  of  some  of  these  sheep.  There  was 
also  acute,  patchy,  peribronchiolar  pneumonia,  considered  to  be  nonspecific. 

Changes  in  the  renal  epithelium  were  observed  in  four  animals,  the 
28-,  33-,  56-,  and  82-hour  sacrifices.  In  the  convoluted  tubules  there  was 
modest  degeneration  of  the  epithelium  which  was  swollen  and  vacuolated;  cell 
outlines  were  indistinct ;  in  some  cases  the  cells  were  completely  detached  from 
their  basement  membranes  and  necrotic.  Amorphous ,  eosinophilic  material  filled 
the  lumlna  of  many  of  those  tubules.  These  changes  might  represent  moderate 
post  mortem  degeneration;  however,  all  these  animals  were  autopsied  immediately 
after  they  were  sacrificed.  These  findings  were  considered  non-specific  de¬ 
generative  changes.  "Lower  nephron  naphrosla"  was  not  recognized. 

Gross  and  Microscopic  Fathology  of  a  Sheep  Sacrificed  Day  15: 

Animal  Ho.  26  survived  an  acute  febrile  illness  with  an  associated  bacteremia 
on  day  2.  At  autopsy  the  posterior  mediastinal  and  one  of  the  cervical  lymph 
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nodes  were  enlarged.  There  were  numerous  reddish-purple  patches  of  consoli¬ 
dation  approximately  4  exa  in  diameter  liasedlatcly  beneath  the  visceral  pleura. 
These,  on  cross-section,  appeared  to  be  firm  and  calcified.  No  other  signi¬ 
ficant  lesions  were  noted  grossly.  Lesions  of  caseous  lymphadenitis  were 
seen  microscopically  In  the  lungs  and  hilar  and  mediastinal  lymph  nodes.  In 
one  of  these  latter  lesions,  Cram- positive  bacilli  were  demonstrated  by  B&S 
staining,  although  none  were  recovered  from  either  the  mediastinal  or  hilar 
lymph  nodes  on  culture.  Acute,  patchy,  peribronchiolar  pneumonia  was  observed 
In  several  of  the  sections;  BAB  stains  failed  to  reveal  the  presence  of  any 
organisms  within  these  lesions.  This  lung  lesion  was  considered  incidental 
and  not  directly  related  to  the  Infection  this  animal  had  survived. 

Table  III  summarizes  significant  findings*, 
c.  Swine: 

Clinical  Observations:  •  A  total  of  14  swine  were  challenged. 

Bight  animals  showed  fever  of  varying  intensity  during  the  period  of  obser¬ 
vation  (Figure  9);  there  were  no  other  clinical  signs  of  illness.  Appetite 
and  attitude  remained  normal  in  the  febrile  periods. 

Bacteriological  Examinations:  -  Isolations  from  lungs  were  made 
consistently  through  day  10  with  one  exception,  a  6-day  sacrifice.  Other 
cultures  were  negative  with  the  exception  of  an  Isolation  from  a  tracheo¬ 
bronchial  lymph  node  on  day  6. 

Gross  Pathology:  •  Significant  groas  lesions  were  primarily  found 
In  the  lungs  and  pulmonary  lymph  nodes.  There  was  marked  enlargement  of  hilar 
and  tracheobronchial  nodes  in  one  animal  sacrificed  on  day  6  (Figure  10);  no 
discrete  lesions  were  Involved;  cut  surfaces  presented  a  uniform  homogeneous 
appearance.  Discrete,  hemorrhagic ,  pulmonary  lesions  were  observed  in  two 
animals,  the  8- (Figure  11)  and  10-day  sacrifices;  in  one,  hemorrhage  vac 
distinctly  peribronchial;  in  the  other,  the  lesions  were  round,  circumscribed, 
solitary  nodules  which  were  not  encapsulated.  The  cut  surface  was  dark  and 
firm;  the  lesions  were  located  in  the  pulmonary  parenchyma.  Other  lesiona 
were  present  in  the  lungs  but  were  conoon  in  hogs  under  normal  conditions. 
Hemorrhagic  ioedlastlnitis  observed  in  three  animals  was  due  to  trauma  assoc¬ 
iated  with  bleedings  from  the  anterior  vena  cava,  loundworms  (Ascarlds)  were 
present  in  the  intestinal  tract  of  many  of  Che  swine. 

Microscopic  Pathology:  -  Significant  lesions  were  essentially 
confined  to  lungs  and  lymph  nodes.  Intense  hemorrhagic,  fibrinous  pneumonia 
was  observed  in  three  animals,  6-,  8-,  and  10-day  sacrifices  (Figures  15,  16, 
17,  19,  20,  24,  and  25).  Two  such  lesions  (in  6-  and  8-day  sacrificed  ani¬ 
mals)  were  immediately  adjacent  to  bronchi.  They  were  discrete  with  definite 
boundaries,  but  non-encapsulated.  The  core  of  hemorrhage  was  surrounded  by 
masses  of  fibrin,  which  occluded  alveoli,  bronchioles,  and  vessels,  and  an 
Intense  cellular  infiltrate.  The  hemorrhagic  lesion  was  suggestive  of  an 
infarct  although  not  in  the  true  pathological  sense  of  being  caused  by  an 
embolus.  Associated  with  the  pneumonia  were  markedly  dilated  lymphatics  in 
the  septa  of  the  lungs.  In  these  lymphatics  there  were  masses  of  fibrin  and 
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bacilli,  eorphologlealljr  compatible  with  B,  anthtacls .  The  cellular  .response 
consisted  of  large  macrophagea  filled  with  cellular  debris,  lymphocyte's, 
neutrophils,  and  aonte  eoalnophlla.  Occaalonal  focal  collections  of  neutro¬ 
phils  were  seen  In  some  of  the  alveoli.  The  pleura  was  markedly  thickened 
and  contained  a  heavy  cellular  infiltrate  and  fibrin.  Thrombosed  vasaela  were 
seen  In  the  arena  of  hemorrhage.  Bronchioles  wera  completely  filled  with 
fibrin  masses  and  cellular  debris.  Other  lesions,  primarily  bronchopneuaonlc, 
were  seen  In  these  animals  but  were  different  In  nature  and  were  considered 
as  Incidental,  resulting  from  a  non-specific  virus  pneumonia  and  the  migration 
of  lung  worm  larvae. 

The  intense  "hemorrhage  infarct"  type  of  lesion  and  its  surround¬ 
ing  acute  fibrinous  pneumonia  vers  considered  to  be  significant  lung  laaiona 
resulting  from  the  respiratory  exposure  to  JB.  anthracls. 

Reactive  hyperplasia  of  the  lymphoid  elements  was  saan  in  lymph 
nodes.  These  changes  were  essentially  those  of  enlargeamnt  of  the  germinal 
centers  with  an  increase  in  the  numbers  of  mitotic  figures..  Thora  was  deple¬ 
tion  of  the  mature  lymphocyte  population  of  the  folliclee  and  at  increase  in 
large,  lcnature  blast  forms  (Figures  13  and  26);  adema  was  present.  Necrosis 
was  prominent  in  the  pulmonary  nodes  of  those  three  animals  with  hemorrhagic 
and  fibrinous  pneumonia  (Figure  21).  The  same  reactive  changes  described  here 
were  also  seen  in  the  lymphatic  elements  of  the  spleen. 

Scarring  of  the  lymph  nodaa  was  observed,  evidenced  by  varying 
degrees  of  proliferation  of  young  fibroblasts,  along  with  a  light  to  moderate 
infiltration  of  eosinophils.  These  lesions  vers  attributed  to  the  migrating 
lung  worm  larvae  which  travel  through  the  lymphatic  system  -to  their  final  site 
in  the  bronchi.  Table  IV  auumsarlzea  significant  findings. 

d.  Dogs: 

Clinical  Observations:  -  A  total  of  14  dogs  wars  exposed.  Three 
of  these  had  significantly  elevated  temperatures  at  varying  times  during  the 
period  of  observation;  four  had  a  single  minimally  elevated  temperature:  No 
other  signs  of  illness  were  manifested  in  them  or  in  the  animals  that  re¬ 
mained  afebrile.  Temperature  responses  are  shown  in  Figure  12. 

Bacteriological  Examinations:  -  Isolations  were  frequently  made 
from  the  lungs  and  in  many  instances  from  pulmonary  lymph  nodes. 

Gross  Pathology:  -  Significant  changes  wera  found  primarily  in 
the  lungs  and  hilar  and  tracheobronchial  lymph  nodes.  Beginning  with  the 
sixth  day  of  sacrifice  enlarged  pulmonary  lymph  nodes  wars  observed  (Figure 

13) .  Discrete,  unencapsulated,  dark,  firm  pulmonary  lesions  wera  observed  in 
three  animals,  those  sacrificed  at  8,  10,  and  11  days.  The  lesion  in  the  8- 
day  sacrifice  dog  was  large  and  immediately  adjacent  to  a  bronchus  (Pigure 

14) .  Large  tonsils  wera  observed  in  several  dogs;  however,  this  finding  is 
one  frequently  observed  in  a  "normal"  canine  population  at  autopsy.  Pin-head 
sfse,  aubcapsular,  discrete,  white  spots  were  seen  in  the  kidneys.  Intestinal 
parasites  were  present  in  most  dogs. 
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•  MV  DOC  NO.  25  (ACC  137).  SECTION  OP  LUNG  SHOWING  LARGE 
HEMORRHAGIC  LESION. 
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Microscopic  Pathology:  -  Significant  lesions  war*  confined  essen¬ 
tially  to  lungs  and  lysph  nodes.  Lung  lesions  in  two  anlaals,  the  8-(Figure 
22)  and  11-day  sacrifices,  were  eiallar  to  those  described  in  the  pig  lung. 

The  massive  hemorrhages  were  suggestive  of  hemorrhagic  infarct.  Masses  of  fi¬ 
brin  and  a  heterogeneous  cell  population  consisting  of  lymphocytes,  neutro¬ 
phils,  plasma  cells,  and  large  macrophages  surrounded  the  tones  of  hemorrhage. 
Bronchioles  and  vessels  in  the  Involved  area  were  filled  with  susses  of  fibrin. 

Granulosus  in  the  lungs  of  several  of  the  anlaals  were  attributed 
to  parasites.  Patchy  pneumonia  with  heterogeneous  call  populations,  including 
large  macrophages  and  multlnucleated  giant  cells,  was  observed  in  two  animals, 
10-  and  13-day  sacrifices.  The  true  significance  of  these  pneumonic  lesions 
Is  not  known  since  they  might  represent  later  stages  of  the  hemorrhagic  lesions 
previously  described  which  were  undergoing  organization,  or  they  might  be  in¬ 
cidental. 


The  changes  in  puisionary  lymph  nodes,  beginning  with  the  fifth  day 
were  essentially  those  of  reactive  hyperpleeia.  Snlarged  germinal  centers  were 
prominent;  they  poasessed  Increased  numbers  of  mitotic  figures,  depletion  of 
mature  lymphocytes  in  the  follicles,  and  increased  numbers  of  large  Immature 
blast  forms  (Figure  23).  In  one  dog  (a  6-day  sacrifice)  frank  necrosis  was  ob¬ 
served  In  the  pulmonary  lymph  nodes  with  marked  neutrophilic  infiltration. 

There  were  no  significant  pulmonary  lesions  in  this  animal;  organisms  were  dem¬ 
onstrated  by  culture  but  not  histologically  in  the  lymph  nodes. 

Lymphatic  elements  of  the  spleen  shoved  the  same  changes  aa  lymph 
nodes,  although  there  vae  no  necrosis. 

Bacteriological  and  pathological  findings  in  these  doge  are  shown 

in  Table  V. 


III.  DISCUSSION 


A.  MONKEYS 

No  generalizations  are  warranted  from  the  limited  observations.  The  phe¬ 
nomenon  of  sudden  death  in  the  absence  of  prodromata  merits  critical  investi¬ 
gation.  The  apparent  absence  of  fever  sets  monkey  respiratory  anthrax  apart 
from  the  Infection  as  seen  in  other  animals.  It  appears  that  monkeys  ignore 
the  infection  until  overwhelmed  by  it, 

B.  SHBXP 

One  of  the  principal  problems  in  the  study  of  respiratory  anthrax  in  sheep 
lies  in  the  variation  in  responses  between  animals  to  a  given  challenge.  Be¬ 
cause  of  this,  aerial  sacrifices  must  be  interpreted  with  caution,  as  the 
probable  death  or  survival  of  these  animals  cannot  be  predicted.  Prom  the 
standpoint  of  illness  and  recognition  of  disease,  it  appears  that  fever  is  the 
only  reliable  criterion  of  infection.  The  becterlologic  techniques  employed 
seldom  permit  the  demonstration  of  bacteresda  before  an  animal  dies,  or  re¬ 
covers. 
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The  presence  of  caseous  lymphadenitis  lesions  also  makes  interpretation  of 
serial-sacrifice  data  difficult,  aa  there  la  a  atrong  auggeatloi  that  they 
markedly  modify  the  pathogenesis  of  thla  deaeaae.  Lyrrph  node  alteratlona  were 
noted  in  an leal a  aacrlficed  at  28  and  33-hours,  both  being  free  of  caaeoua 
lymphadenitis.  The  hiatologlc  demonstration  of  aaaaea  of  bacilli  in  the  node 
at  28  houra,  unaaaoclated  with  marked  hiatologlc  change,  pointed  to  the  role 
of  the  nodea  aa  pocalble  "breeding  grounds"  for  the  organisms.  The  36-hour- 
aacrlflce  aheep  had  extanalve  caaeoua  lymphadenitis.  Anlaala  aacrlficed  at  56 
and  82  houra  had  florid,  mediaatlnal  laalona  of  anthrax  with  no  caaeoua  lymph- 
adenltla.  The  aurvlval  of  aheep  Mo.  26  to  day  15  after  a  period  of  fever  and 
bacteremia  lenda  aupport  to  the  interference  hypotheala.  Xxtenalve  caaeoua 
lymphadenitis  waa  obaerved  at  autopay  in  thla  animal. 

No  definite  statement  can  be  made  concerning  the  time  of  appearance  of 
overt  mediaatlnal  lymphadenopathy;  baaed  on  two  anlaala,  the  28-  and  33-hour 
aacrificaa  fever  and  bacteremia  precede  adenopathy,  teaaoning  from  the  flnd- 
Inga  In  a  fatal  caae  (No.  7)^',  bacteremia  may  remain  at  a  modest  level  for 
some  24  houra  before  becoming  maaalva.  Delineation  of  the  interrelationship 
between  time  of  mediaatlnal  lymph  node  involvement  and  onaet  of  fever  with  or 
without  bacteremia  will  require  additional  atudlea  employing  appropriate  x-ray 
techniques  together  with  bacteriological  and  pathological  examinations. 

The  temporal  relationship  of  the  necrotlxlng  lesion  of  the  wall  of  the 
bronchua  to  the  disease  process  in  Sheep  No.  19  la  not  known.  It  la  not  con¬ 
sidered  to  be  a  primary  lesion. 

The  mechanism  of  death  from  anthrax  infection  in  aheep  reauilns  unanswered. 
The  possible  interference  between  pre-existing  caseous  lymphadenitis  and  the 
respiratory  challenge  with  B.  anthracls  requires  further  investigation. 

C.  SWINI  AND  DOCS 

Swine  and  dogs  handled  anthrax  infection  well;  the  infection  was  sub-clin- 
ical,  or  extremely  mild.  No  bacteremia  was  detected.  However,  the  enlargement 
of  the  pulmonary  lymph  nodes  in  some  of  these  animals  waa  such  that  x-ray  con¬ 
firmation  of  infection  should  have  been  obtainable. 

The  hemorrhagic  and  fibrinous  pulmonary  lesions  may  represent  an  attempt 
on  the  part  of  the  host  to  "wall  off"  the  Intruder.  The  exact  pathogenesis  of 
this  lesion  is  not  understood,  nor  is  it  known  what  its  temporal  relationship 
is  to  the  lymph  node  changes.  Which  came  first  remains  an  unanswered  question; 
they  probably  began  about  the  same  time,  but  proof  la  lacking.  It  is  believed 
that  the  masses  of  fibrin  seen  in  these  lung  lesions  represent  the  host's  re¬ 
sponse  to  the  challenge.  The  reactive  hyperplasia  of  the  lymph  nodea  is  fur¬ 
ther  evidence  of  the  response  of  the  host  and  his  ability  to  handle  the  in¬ 
fection. 

Lung  worm  infestation  of  swine  further  confuses  the  picture,  particularly 
since  the  changes  produced  by  these  parasites  and  their  migrations  affect  the 
respiratory  and  lymphatic  systems.  All  pneumonic  lesions  which  could  have 
been  associated  with  migrating  larvae  were  considered  incidental;  diffuse 
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scarring  of  the  lymph  nodes  was  discounted  for  the  sane  reason.  In  view  of 
this,  one  has  to  question  the  validity  of  the  gross  findings  in  the  enlarged 
hilar  and  tracheobronchial  nodes. 

The  pulmonary  and  lymphatic  lesions  in  dogs  ara  considered  significant. 

Failure  to  isolate  _B .  anthracla  in  all  but  one  instance  fro*  hilar  and 
tracheobronchial  lymph  nodes  of  swine,  was  in  corked  contrast  with  numerous 
isolations  made  from  these  nodes  in  dogs.  This  it  difficult  to  explain  since 
the  natural  disease  in  swine  is  frequently  confined  to  the  tonsils  and  pharyn- 
geal  lymph  nodes. 

D.  CENSKAL 

Spores  were  not  identified  histologically  in  any  lung  sections,  but  ex¬ 
haustive  searches  were  not  made.  Bodies  resembling  spores  were  seen  in  sec¬ 
tions  of  lymph  nodes  of  sheep  but  proof  is  lacking. 

The  "resistant"  dog  and  pig  limit  the  process  to  the  mediastinal  area  and 
maximum  Intensity  of  the  pathologic  lesions  is  attained  after  a  much  longer 
interval  than  in  the  "susceptible"  sheep  (or  guinea  pig).  In  this  connection, 
studies  on  the  anatomical  distribution  of  lymphoid  tissue  in  these  animals  may 
be  of  importance;  grossly,  dogs  and  pigs  seem  to  have  more  lymphoid  tissue 
distributed  throughout  lung  parenchyma  than  sheep. 

These  introductory  examinations  of  animal  anthrax  have  been  almost  purely 
taxonomic;  this  approach  obviously  requires  more  exploitation.  The  role  of 
phagocytosis  has  not  even  been  cursorily  explored.  The  pathogenesis  In  "Im¬ 
munized  susceptlbles"  is  unknown,  as  are  the  alterations  introduced  by  chemo¬ 
therapy  in  the  fully  susceptible  spules.  With  the  extension  of  these  studies 
biochemical  and  metabolic  examinations  should  be  included.  Once  some  insight 
is  gained  into  the  basic  host-parasita  relationship  its  further  manipulation 
by  coincident  or  preceding  virus  infections  is  obviously  warranted.  The 
study  of  swine  influenza  and  anthrax  appear  to  merit  consideration.  Efforts 
to  suppress  "natural  resistance,"  as  well  as  artificial  immunity  in  the  "sus¬ 
ceptible"  animal,  by  pre- occupation  of  the  imuna  mechanism  by  systemic  viral 
infections  should  also  provide  an  interesting  approach. 

SCMKARY 


Investigations  were  conducted  to  explore  the  pathogenesis  of  respiratory 
anthrax  in  sheep,  dogs,  and  swine.  It  was  shown  that  dogs  snd  swine,  so- 
called  "resistant"  species,  could  be  Infected  by  the  respiratory  routs  and 
that  the  disease  was  comparable  to  that  in  sheep,  differing  only  in  severity. 
The  principle  areas  involved  were  lymph  nodes  draining  the  lungs  end  their 
parenchyma.  There  was  a  strong  suggestion  that  the  lung  lesions  began  in  the 
lymphatics  along  the  bronchi  and  major  vessels  although  the  temporal  relation¬ 
ship  is  not  clear.  It  was  further  suggested  that  intercurrent  infections  in¬ 
volving  the  systems  of  apparent  primary  concern,  1.  e.  caseous  lymphadenitis 
in  sheep,  lungworm  infestation  in  swine,  and  parasitic  granulooata  in  dogs. 
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might  materially  modify  the  spread  of  II.  anthracls  in  favor  of  the  host,  The 
suggestion  of  interference  ia  in  line  with  somewhat  comparable  atudiea  in  guinea 
pig  anthrax. 


Coutrlbutiont  to  thia  atudy  Fart  1  and  Fart  2  are  greatly  appreciated: 

Or.  Bcyd  Olaen,  for  aupervlalon  of  operatlona  at  DFG. 

Or.  George  C.  Wright,  Medical  Investigation  Division,  Fort  Detrlck  for  JJ . 
anthracls  slurry  and  protective  antigen. 

6570th  Test  Group  (C«1C  &  Ord)  for  air  shipments. 
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FIGURE  a.  6  DAY  PIC  NO  14  (ACC  134)  LUNO  -  HEMORRHAGIC  INFARCT* 

IMMEDIATELY  ADJACENT  TO  A  BRONCHUS  CONFINED  BY  SEPTA. 
HIE  12  X. 

FIGURE  «  6  DAY  PIG  NO.  14  (ACC  134)  LUNG -AREAS  OF  HEMORRHAGE  S 

ACUTE  FIBRINOUS  PNEUMONIA  HIE  TSX. 


ncuoc  IT  •  DAY  PIG  NO  14  (ACC  04)  LUNG  -  MASSES  Of  FIBRIN  t  f  Ft  I  S 
NIC  2K>X. 

FIGURE  «  •  DAY  PIC  NO.  14  (ACC  04)  HILAR  LYMPH  NOOC  -  OCPLETION  OP 

MATURE  LYMPHOCYTES.  HSC  200 X 


a;  v-.,v 


■fWi* 


FIGURE  M  •  DAT  DOC  NO  25  (ACC  (37)  MILAN  UTMPM  NOOC  -  EDEMA,  PLASMA 
CELLS  t  MACROPHAGES  IN  MEDULLARY  SINUSOIDS  Kit  SOCK 
FIGURE  24  10  DAY  MG  NQ  2  (*CC  140).  LUNG  -  MCMC  ACIC  l  FIBRINOUS 
PNEUMONIA.  Hit  I2X. 
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AS  ABOVt  BAB  400*. 


FWURC  34.  26  HOUN  SHEEN  MX  6  (ACC  129)  MILAN  UTMNM  NOOC  -  HISTOLOCtC 

ANCHITECTUWC  WITHIN  LIMITS  Of  NONUALCY  H  6  C  240*. 
riCUNC  32.  MILAN  LYMPH  NOOC  -  SAME  A3  ABOVE.  8  66  312*. 
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STUDIES  ON  BACILLUS  ANTIfBACIS 
PAST  2 

CHEMOPROPHYLAXIS  AND  CHEMOTHERAPY  C?  EXPERIMENTAL  R23PIEATC2Y  ANTHRAX 

IN  SK2IP 

(Gochcnour,  Clelser,  Caspar,  Overholt,  Xuehne,  Byron,  and  Tlgertt) 

I.  INTRODUCTION 

Henderson  and  hla  associates!/  demonstrated  the  effectiveness  of  chemo- 
therapy  of  anthrax  in  monkeys,  using  a  combination  of  protective  antigen  and 
penicillin.  Information  was  needed  on  such  therapy  for  shaep,  another  suscep¬ 
tible  species.  Previous  studies  at  Dugway  Proving  Ground  (D?G)J/  on  the  path¬ 
ogenesis  of  respiratory  anthrax  In  sheep  and  other  animals  had  indicated  that 
the  febrile  response  was  a  reliable  criterion  of  Infection  with  Bacillus 
anthracls.  The  wind  tunnel  previously  employed  in  the  DPC  trials  provided  a 
suitable  means  for  simultaneous  exposure  of  a  number  of  animals  for  such 
studies. 


II.  MATERIALS.  METHODS.  RESULTS  AND  9I3CU3SI03 


A.  GENERAL 

The  same  exposure  device  and  methods  were  used  in  these  1958  trials  as  were 
employed  previously!' .  One  hundred  forty-four  sheep  weighing  53-73  pounds  were 
procured  by  DFG;  they  had  been  ixmmmlzed  with  Pasteurella  multocida  vaccine. 

The  protective  antigen  employed  had  been  prepared  by  Medical  Investigation 
Bivlslon,  Fort  Detrlckiz' ,  procaine  penlclllln-G  and  Tetracycline-Vet  (both 
from  Charles  Pfizer  and  Co.)  were  the  antibiotics  employed. 

Rectal  temperatures  were  obtained  twice  daily  for  one  weak  and  daily  there¬ 
after.  Blood  cultures  were  attempted  dally  or  twice  dally  for  five  days  and 
at  sacrifice  or  death.  At  each  bleeding  approximately  10  ml  of  blood  were 
drawn;  8  ml  were  allowed  to  clot  for  serological  studies  at  a  later  time,  end 
2  ml  were  inoculated  directly  into  diphasic  tryptose  medium.  The  bottles  were 
incubated  in  the  upright  position  at  37*C  and  examined  at  the  end  of  24,  48 
and  72  hours.  At  each  examination  any  growth  was  transferred  to  blood  egar 
and  tryptose  agar  plates.  In  addition,  slides  for  microscopic  examination 
were  made  of  those  colonies  morphologically  resembling  B.  anthracls.  Follow¬ 
ing  24  hours'  incubation  the  agar  plates  were  examined  and  slides  made  of 
those  Isolates  not  previously  examined  microscopically.  Isolations  of  the 
organism  were  transferred  to  nutrient  agar  slants  for  retention. 

Three  experiments  were  conducted;  the  first  on  October  10,  1957,  was  a 
preliminary  run;  the  second  on  June  20,  1958  was  a  prophylaxis  trial  and  the 
third  on  July  2,1958  was  a  therapy  trial.  The  same  respiratory  challenge  as 
measured  by  implnger  titrations,  was  presented  on  each  occasion.  In  addition 
one  limited  trial  on  therapy  was  conducted  later  on  subcutaneously-challenged 
eheep. 
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B.  mLIMIKARY  TRIAL 

Ten  aheap  were  u*ed  in  the  1957  trial.  Two  were  control*;  four  were  given 
300,000  unit*  of  penicillin  intramuscularly  (LM)  every  12  hour*  for  five  day* 
and  a  * ingle  doe*  of  anthrax  protectlva  antigen,  both  starting  six  hours  post* 
exposure  (Sarly  Group)  and  four  vara  given  siallar  drugs  and  dosages  starting 
30  hours  poat-expoaura  (Lata  Group). 

Figure  1  presents  a  summary  of  tha  tassperatures  and  blood  culture  findings. 
(The  charts  throughout  this  report  do  not  show  absolute  temperatures  but  are 
plotted  as  a  rounding-off  of  temperatures  of  105.2  to  106. 0*F,  as  106. 0*F,  and 
so  on.)  It  should  be  noted  that  in  tha  Early  Group,  two  of  four  had  moderate 
febrile  periods  aftar  cessation  of  drugs.  At  no  time  were  tha  animals  clini¬ 
cally  ill.  Tha  Lata  Group  was  essentially  treated,  aa  these  animals  became 
febrile  shortly  aftar  tha  Initiation  of  drugs.  Drugs  controlled  fever  In  three 
sheep;  two  were  culturally  positive  at  tha  time  of  drug  initiation.  No  febrile 
relapaea  vara  noted. 

One  animal  from  each  therapy  group  was  sacrificed  on  days  9,  14,  15  and  16. 

No  significant  gross  changes  were  observed  at  autopsy  In  any  of  them  except 
No.  S,  a  14-day  aacrlfica  animal;  this  aheap  had  an  enlarged  left  prescapuler 
lymph  node  with  a  necrotic  and  hemorrhagic  canter.  Histologic  examination  of 
thia  node  revealed  caseous  lymphadenitis.  Brown  and  Brenn  (BAB)  stain  revealed 
the  presence  of  numerous  bacilli  morphologically  compatible  with  B.  anthracls. 

Tha  recovery  of  anthrax  organism*  from  four  of  these  sacrificed  sheep  indi¬ 
cated  that  penicillin  did  not  completely  eliminate  B.  anthracls  and  that  sur¬ 
vival  through  tha  period  of  observation  was  probably  attributable  to  an  immune 
response,  and  not  to  a  bactericidal  effect  of  drug. 

Because  of  tha  limited  number  of  controls  end  the  unanticipated  survival 
of  one  of  them,  it  wee  not  possible  to  estimate  tha  severity  of  tha  presented 
challenge. 

C.  P10FHY1AXXS  TRIAL 

This  trial  was  designed  to  assess  the  requirement  for  us*  of  protective 
antigen  in  combination  with  penicillin  or  tetracycline  in  prophylaxis  of  respir¬ 
atory  anthrax  in  sheep. 

Fifty-eight  aheap  were  used,  distributed  aa  follows:  Controls— 10,  Penicil¬ 
lin  alone— 10,  Tetracycline  alone— 9,  Antigen  alone— 10,  Fanicillin  +  Antigen— 9, 
and  Tetracycline  +  Antigen— 10.  Penicillin  and  antigen  wars  administered  as  in 
the  preliminary  trial;  tetracycline  (500  mg  par  dose)  was  given  on  tha  same 
time  schedule  as  penicillin.  All  drugs  were  started  24  hours  post-exposure. 

Figure*  2  through  7  show  temperatures  (rounded  off),  and  results  of  blood 
culture  attempt*  and  XM  re-challenges  of  survivors  (21  days  post-rsspiratory 
exposure).  Blood  films  made  on  aheap  dead  or  dying  were  examined  microscop¬ 
ically.  Autopsies  were  not  routinely  performed. 


figure  2  TEMPERATURE  8  BLOOD  CULTURE  RESULTS  IN  CONTROL  SHEEP 
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Jo  dull 
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FIGURE  7.  SHEEP  TREATED  WITH  ANTHRAX  PROTECTIVE  ANTIGEN  (SINGLE  DOSE,  I  Oml) 
A  TETRACYCLINE  (300 mg  IM  bid  ,  TOTAL  3.0  gm  ) 
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Eight  of  10  control*  *nd  6  of  10  sheep  receiving  antigen  alone  had  positive 
blood  culturaa.  Fenlclllin  and  tetracycline,  whether  alona  or  In  combination 
with  antigen,  apparently  prevented  the  appearance  of  bacilli  In  peripheral 
blood.  All  aheep  that  died  had  demonstrable  bacteremias  a*  ahovn  by  blood  film*. 

No  explanation  la  available  for  the  failure  to  Infect  one  control  eheep> 

No.  21, which  was  ahovn  to  be  auaceptlble  to  enthrex  Infection  vhen  challenged 
1M  21  deye  poat-reapiratory  expoaure.  Uncertainty  of  the  exact.  challenge  dose 
made  interpretation  difficult;  it  la  believed  that  the  groupa  were  expoaed  to 
approximately  one  reaplretory  LD5Q.  The  difference  In  numbers  of  eurvlvors 
between  control  end  antigen-alone  groupa  la  not  considered  significant. 

The  tetracycline  caused  eevere  local  raecticna  manifested  by  tenderness  at 
the  site  of  inoculation  end  by  foot  drop  end  posterior  parelyaia.  With  these 
exception*  all  enlmals  receiving  antibiotics  remained  well  and  ahovcd  no  clin¬ 
ical  sign*  of  lllnesa. 

D.  THERAPY  TRIAL 

This  experiment  vea  designed  to  determine  whether  the  drug  regimens  found 
setlsfectory  for  prophylaxis  of  respiratory  anthrax  were  adequate  for  early 
chemotherapy. 

Fifty-six  aheep  were  employed  a*  follows:  Control*— 9,  Penicillin  alone— 

10,  Tetracycline  alone— 10,  Antigen  alone— 9,  Fenicillin  +  Antigen— 9,  and 
Tetracycline  +  Antigen— 9.  Rectal  temperatures  were  taken  every  six  hours  in¬ 
stead  of  12.  The  animals  were  aaelgnad  to  teat  groupa  end  appropriately  treated 
when  two  succesalve  temperatures  of  105. 2*F  or  greeter  were  obtained.  Febrile 
responses  of  these  animals  and  the  results  of  blood  culture  attempts  are  ahown 
in  Figures  8,  through  13. 

Again  marked  local  reactione  to  tatracyclina  vara  seen.  There  vae  a  fairly 
satisfactory  response  to  penicillin  and  tetracycllna,  with  or  without  associated 
protective  antigen,  the  temperature  usually  returning  to  normal  within  24  to  36 
hours.  However,  sheep  No.  118  (penicillin  group)  and  No.  130  (penicillin  + 
antigen  group)  showed  much  more  prolonged  fevers,  almost  throughout  tha  entire 
period  of  drug  administration.  Surviving  sheep  ahowed  a  mild  febrile  episode 
between  days  10  and  13.  A  similar,  more  delayed  episode  was  noted  in  tha  pro¬ 
phylaxis  animals  and  waa  probably  a  "relapse." 

In  the  penicillin  group,  aheep  No.  120,  which  died,  had  been  febrile  at  48 
hours  and  was  placed  on  therapy  eight  hours  later,  at  the  time  of  the  second 
positive  blood  culture.  Signs  of  clinical  meningitis  appeared;  thia  animal  was 
found  dead  on  tha  morning  of  day  6.  At  autopsy  thare  wera  two  outstanding 
lesions:  severe,  generalized,  hemorrhagic  meningitis  (Figure  14)  and  greatly 
enlarged,  hemorrhagic  mediastinal  lymph  nodes.  The  spleen  was  not  enlarged. 

Microscopic  examination  of  brain  confirmed  the  grosa  observation  of  menin¬ 
gitis;  the  inflammation  waa  acute,  end  included  intense,  frank  necrosis  of 
brain  substance. 
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CHEMOTHERAPY  Of  RESPIRATORY  ANTHRAX  IN  SHEEP  CONTROL 


FIGURE  10.  SHEER  TREATED  WHEN  LL  WITH  TETRACYCLINE  |500«*  IM  Wtf.  TOTAL  SO**) 


FIGURE  M  SHEEP  TREATED  WHEN  ILL  WITH  ANTHRAX  PROTECTIVE  ANTIGEN 

(  SINGLE  OOSE  ,  1.0  ml  ) 


FIGURE  12.  SHEEP  TREATED  WHEN  ILL  WITH  ANTHRAX  PROTECTIVE  ANTIGEN  (SINGLE 
DOSE,  I  Oml)  a  PENICILLIN  (  300,000  u  IUM,  TOTAL  3,000.000  «i) 


0<?  * 
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FIGURE  »4 


Y  SHEEP  NO.  120  (ACC  340).  HEMORRHAGIC 
BEEN  ON  PEN.CLUN  THENAP*  6 

:r,  subsequently  developed  clinical 


MENINGITIS  in  ANIMAL  THAT 
HOURS  AFTER  START  OF 

meningitis  a  oied. 


microsi.  opically  showed  edema  and  diffuse  hemorrhage  into  the  inter¬ 
stitial  si  na  tures  and  pulmonary  alveoli.  Organisms  were  recognized  within 
blood  vessels.  There  was  some  desquamation  of  the  bronchiolar  epithelium  but 
this  was  believed  to  be  due  to  post  mortem  degeneration.  There  was  a  mild 
cellular  infiltrate  around  some  of  the  larger  bronchioles.  Bacilli  were  seen 
in  several  arterioles. 

The  mediastinal  lymph  node  architecture  was  completely  altered;  follicles 
and  medullary  cords  could  not  be  recognized.  Cellular  elements  were  widely 
separated,  suggesting  intense  edema.  Hemorrhage  was  also  present  in  one  sec¬ 
tion,  varying  in  intensity  from  area  to  area.  Many  neutrophils  and  blast  forms 
were  present.  No  caseous  lymphad-«nities  was  seen. 

Focal  necrosis  of  liver  pare  uyma  was  found.  There  was  loss  of  cells  in 
these  areas,  leaving  nondescript,  eosinophilic,  noncellular  material.  There 
was  a  moderately  heavy  cellular  infiltrate  composed  of  neutrophils  and  lympho¬ 
cytes.  Many  of  these  cells  had  undergone  degenerative  changes.  Gram-positive 
bacilli  were  recognized  by  B&B  staining  in  hepatic  sinusoids. 

Microscopic  diagnoses  were: 

Meningitis,  acute,  hemorrhagic,  bacterial  (anthrax) 

Encephalomalacia  and  hemorrhage,  cerebral  &  cerebellar  cortices 

Necrosis,  focal  hepatic 

Hemorrhage  &  edema,  diffuse,  pulmonary 

Lymphadenitis,  acute,  hemorrhagic,  necrotizing,  posterior  mediastinal 
node . 

The  extent  of  the  mediastinal  involvement  in  this  animal  was  comparable  to  a 
56-hour  sacrifice  animal  previously  reported^/ ;  neither  animal  had  caseous 
lymphadenitis.  It  is  suggested  that  4%  days  of  therapy  had  merely  stabilized 
the  infectious  process.  Whether  the  progress  of  the  infection  was  similar  in 
other  animals  in  the  therapy  study,  and  was  reversed  by  treatment,  is  a  prob¬ 
lem  for  further  investigation. 

In  this  trial  all  sheep  were  infected,  since  sustained  fever  post-challenge 
was  the  criterion  for  inclusion  in  the  experiment.  Again,  the  challenge  dose 
appeared  to  be  in  the  order  of  one  sheep  respiratory  LD50.  No  significant  dif¬ 
ference  in  morbidity  and  mortality  was  evident  between  the  control  and  antigen- 
alone  groups.  Results  do  not  permit  unequivocal  statements  on  therapeutic 
regimen  of  choice.  Based  on  severity  of  secondary  fever  and  its  Incidence,  it 
would  appear  that  tetracycline  gave  as  good  results  as  penicillin,  if  not 
slightly  better. 

E.  DELAYED  CHEMOTHERAPY  OF  SUBCUTANEOUS  ANTHRAX 

A  limited  trial  was  conducted  to  obtain  information  on  the  effectiveness 
of  the  two  antibiotics  previously  used  when  started  24  hours  after  onset  of 
fever  in  sheep  infected  subcutaneously. 

I 

Twenty  sheep,  surplus  to  those  required  for  the  respiratory  challenges. 
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were  used.  In  general,  they  were  culls,  having  been  excluded  from  earlier 
studies  because  of  severe  ovine  ecthyma,  unexplained  fever,  or  other  reasons. 

Each  animal  was  challenged  subcutaneously  with  27,000  spores  of  B. 
anthracls.  Temperatures  were  taken  every  12  hours;  two  successive  tempera¬ 
tures  of  105. 2*F  or  greater  was  the  criterion  for  assignment  to  treatment 
groups.  Thirteen  sheep  received  no  therapy,  four  received  penicillin  and 
three  received  tetracycline,  both  antibiotics  being  given  in  the  same  regimens 
Blood  cultures  were  obtained  at  the  time  animals  were  assigned  to  groups. 

Figure  15  summarizes  febrile  responses,  results  of  blood  cultures  and 
death  times.  The  challenge  was  lethal  to  eight  controls,  six  of  which  had 
fevers  of  more  than  12  hours  duration  prior  to  death.  The  responses  In  the 
five  survivors  were  erratic  so  that  they  were  never  assigned  to  specific 
groups  and  are  included  with  controls.  The  four  penicillin-treated  animals 
survived  the  period  of  observation,  as  did  two  of  three  tetracycline-treated 
sheep. 

In  summary,  it  appears  that,  based  on  extremely  limited  information, 
therapy  may  be  delayed  only  a  relatively  short  time,  probably  not  more  than 
24  hours  of  sustained  fever. 


III.  SUMMARY 


Prophylaxis  and  therapy  trials,  using  penicillin,  tetracycline,  protec¬ 
tive  antigen,  and  combinations  thereof  were  conducted  in  respiratory- induced 
anthrax  in  sheep.  Under  the  conditions  of  the  study,  no  requirement  was 
found  for  the  use  of  protective  antigen  in  combination  with  antibiotic  for 
successful  prophylaxis  and  therapy  in  contrast  with  such  a  requirement  in 
monkeyai/,  There  was  clear-cut  evidence  that  viable  anthrax  organisms  per¬ 
sisted  in  the  sheep  after  drug  was  terminated. 

A  limited  therapy  trial  of  penicillin  and  tetracycline  in  subcutaneous 
anthrax  in  sheep  showed  that  therapy  could  not  be  delayed  much  more  than  24 
hours. 
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STUDIES  ON  BACILLUS  ANTHRACIS 

PART  3 

PATHOLOGY  OF  EXPERIMENTAL  INTRADERMAL  ANTHRAX  IN  KACACA  MULATTA 
(Berdjla,  Glelaer,  Hartman  and  Gochenour) 

I.  INTRODUCTION 

Anthrax  has  long  been  recognized  as  a  disease  of  man  and  domestic  animals 
but  a  complete  understanding  of  the  disease  is  still  locking. 

The  purpose  of  this  paper  is  to  describe  the  pathology  of  terminal  intra- 
dermal  anthrax  in  the  unmodified  Macaca  mulatta  and  to  attempt  to  elucidate 
the  pathogenesis  of  this  complex  disease, 

II,  MATERIALS  AND  METHODS 

In  order  to  study  the  hlstopathology  and  pathogenesis  resulting  from 
lntradermal  inoculation  of  Bacillus  anthracls  in  M.  mulatta.  groups  of  young 
immature  animals  were  challenged  with  500,  5,000  and  10,000  or  more  spores 
of  B.  anthracls  (Table  I).  A  phenolized  spore  suspension  of  Vollum-189  was 
used  for  these  studies.  The  spores  were  heat-shocked  at  60*C  for  30  minutes. 
The  time  interval  between  this  procedure  and  inoculation  of  the  spore  sus¬ 
pension  never  exceeded  7  days  and  was  never  less  than  24  hours.  On  the  basis 
of  virulence  tests  in  guinea  pigs,  there  was  no  difference  between  1-  and  7-day 
Intervals.  The  spores  were  suspended  in  distilled  water  at  5*C  and  inoculated 
intradermally  into  the  forearm.  One  animal  in  the  high  dose  g^-wp  (No.  892) 
was  inoculated  subcutaneously.  The  monkeys  were  usually  placed  in  primate 
chairs.  Continuous  temperature  readings  were  made  by  rectal  thermocouples 
during  the  entire  period  of  the  experiment.  Blood  cultures  and  physical  exami¬ 
nation,  Including  inspection  of  the  site  of  inoculation,  blood  pressure  deter¬ 
minations  and  EKG  evaluations,  were  performed  daily.  Blood  clotting  time, 
prothrombin  time,  leukocyte  count,  and  differentials,  and  bacteriological 
estimates  were  completed  in  some  animals.  Titrations  for  guinea  pig  virulence 
were  made  frequently,  employing  1-,  10-  and  100-cell  lntradermal  challenges. 

The  spores  used  for  titration  were  at  the  same  suspension,  same  intervals  and 
same  conditions  <?,s  those  used  for  monkey  inoculation.  Slurry  suspension  in 
C.l-ml  amounts,  containing  1,  10  or  100  spores,  were  inoculated  subcutaneously 
into  groups  of  6  guinea  pigs.  All  6  guinea  pigs  died  at  the  100-apore 
challenge  level  and  5  or  6,  of  6,  at  the  10-spore  level.  The  LD^q  is  con¬ 
sidered  to  be  in  the  range  of  1  to  4  spores. 

All  monkeys  were  allowed  to  die,  and  autopsies  were  performed  immediately 
after  death.  Blood  smears  and  spleen  impressions  were  checked  at  the  time  of 
autopsy  for  the  presence  of  bacilli.  Blood  cultures  were  performed  at  death 
if  organisms  were  not  noted  by  direct  examination  of  blood  films.  The  tissues 
were  fixed  in  10  per  cent  neutral  formalin,  embedded  in  paraffin,  sectioned  at 
.6  and  stained  with  routine  hematoxylin  and  eosln  (HAS)  unless  special  mention 
is  made.  Brown  and  Brenn  staining  procedure  (BSS)  for  demonstrating  micro¬ 
organisms  in  tissue  sections  was  employed.  Periodic  Acid-Schiff  reaction  (PAS), 
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counterstalned  with  light  green  or  hematoxylin  was  used  for  evaluating  PAS 
positive  material  in  the  hepatic  cella. 


III.  RESULTS 


A.  CLINICAL  OBSERVATIONS 

Detailed  clinical  data  and  laboratory  investigations  will  be  reported  else* 
where.  A  brief  summary  of  these  observations,  however,  is  warranted.  The 
clinical  response  of  the  unmodified  H.  mulatta  to  a  challenge  of  11.  anthracis 
spores  given  intradermally,  or  subcutaneously  in  one  nonkey,  was  found  to  be 
Inconsistent;  the  essential  features  may  be  stated  as  follows:  there  was  no 
consistent  febrile  response;  some  monkeys  developed  fever,  others  did  not 
(Table  I).  Local  reactions  at  the  site  of  inoculation  likewise  varied  in 
intensity;  in  some  instances,  there  was  massive  cellulitis,  involving  the 
forearm  and  occasionally  the  whole  ara  (Figure  1),  in  others,  the  site  was 
erythematous  and  raised.  Frequently  it  was  soft  and  fluctuant,  or  occasionally 
ulcerated  or  erythemato-papular.  In  still  others,  the  animals  developed  small 
circumscribed,  raised  papular,  erythematous  lesions  which  did  not  progress  into 
diffuse  cellulitis,  and  which  sometimes  regressed  before  the  death  of  the  animal. 
Shock  with  respiratory  distress  and  a  precipitous  drop  in  blood  pressure  just 
before  expiration  was  observed  several  tines. 

Laboratory  data  which  included  urinalysis,  routine  hematologic  studies  and 
blood  clotting  studies  were  not  particularly  fruitful  except  that  there  was  no 
evidence  of  renal  failure  or  shutdown  prior  to  death. 

Blood  cultures  of  the  monkeys  receiving  5,000  spores  or  more  were  frequently 
positive  on  day  2  post-challenge,  and  on  day  1  for  500-spore  animals  (Table  I). 
In  500-spore  animals  the  bacteremia  ended  on  day  2  or  3  only  to  reappear  shortly 
before  death.  In  5,000-spore  animals  the  blood  cultures  often  remained  positive 
until  death.  Blood  smears  at  time  of  death  always  contained  bacilli  (Table  I). 

B.  GROSS  PATHOLOGY 

Skin  and  Subcutaneous  Tissues  -  Site  of  Inoculation:  (Figure  1)  Cellulitis 
of  the  forearm  and  arm  was  one  of  the  most  conspicuous  findings.  This  lesion 
grossly  appeared  as  a  thick,  glistening,  moist  gelatinous  edema  infiltrating  to 
a  varying  degree  the  subcutaneous  tissues;  at  times  it  extended  into  the  muscle 
bundles.  This  lesion  was  frequently  hemorrhagic,  and  partly  necrotic.  The 
exposed  and  cut  surfaces  might  show  the  subcutaneous  tissue  of  the  entire  arm 
as  moist,  shiny  and  glistening  with  diffuse  edema  sometimes  extending  into  the 
axillae.  The  connective  tissues  surrounding  the  corresponding  axillary  lymph 
nodes  were  also  edematous  and  glistening.  The  central  portion  of  the  lesions 
were  frequently  reddish-purple  or  hemorrhagic.  Varying  amounts  of  edema  fluid 
.vr  bloody  fluid  oozed  from  cut  sections. 

In  those  cases  in  which  the  lesions  had  regressed  prior  to  death,  the  site 
of  Inoculation  was  firm  and  showed  a  discrete  or  relatively  small  area  of 
induration  and  occasional  hemorrhage. 


TABLE  I.  CLINICAL  AND  LABORATORY  DATA  FOR  MONKEYS  WITH  EXPERIMENTAL  INTRADERMALi— 7  ANTHRAX 


Days  not  recorded,  blood  culture  uas 
NR  s  Not  remarkable, 

ND  a  Not  done . 


m  I  SITE  OF  INOCULATION,  ARM  A  rORCAAM  (ACC.  *42,  »00- 
SPORE  GROUP)  (A)  PAPULOE ATTHEMATOUS  LESION  WITH 

marked  swelling,  (b)  same,  after  dissection  or  skin 
shiny,  DirrusE,  gelatinous  edema,  some  hemorrhage 

nr  UIT  TISSUES. 
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Lymphatic  System:  The  tributary  axillary  lymph  nodes  were  frequently 
enlarged,  soft  and  moist.  They  were  surrounded  by  gelatinous  or  hemorrhagic 
edema;  the  capsular  surfaces  were  wet,  shiny,  and  hemorrhagic.  These  lymph 
nodes  were  often  congested  and  edematous,  and,  in  cross  section  revealed 
small  or  massive  hemorrhages  sometimes  associated  with  necrosis.  The  axillary 
lymphadenopathy  sometimes  extended  to  the  other  lymph  nodes  and  sometimes  was 
generalized.  In  a  few  cases  the  lymphatic  system  appeared  unchanged. 

The  tonsils  were  generally  inconspicuoua. 

Spleen  was  either  of  normal  aize  or  enlarged.  The  capsular  surface 
occasionally  had  a  bluish  tinge  and  somewhat  rounded  edges.  The  consistency 
was  frequently  soft.  Blood  exuded  freely  from  the  cut  surfaces.  The  lymphoid 
follicles  were  sometimes  obscured. 

Respiratory  System:  Although  blood-tinged,  frothy  fluid  was  present  in 
the  larynx  of  some  animals,  no  significant  lesions  were  grossly  detectable 
in  the  upper  respiratory  tract.  The  tracheobronchial  mucosa  waa  frequently 
injected.  Disseminated  petechial  hemorrhages  or  focal  small  hemorrhages,  with 
or  without  pulmonary  congestion  or  occasional  partial  consolidation  of  the 
lungs,  were  sometimes  visible.  Pulmonary  edema  and  hemorrhage  of  varying 
intensity  were  occasionally  seen.  Lung  mite  lesions  were  frequently  observed. 
These  lesions,  discrete,  prominent,  isolated  or  multiple  and  often  subpleural, 
were  sometimes  accompanied  by  small  congested  areas  appearing  as  red  halos. 

They  are  described  more  fully  in  Part  3±' . 

A  minimal  amount  of  mediastinal  edema  waa  occasionally  present  when  the 
mediastinal  lymph  nodes,  Including  hilar  and  tracheobronchial,  were  affected. 
Prominent  edema  of  the  mediastinum  was  observed  in  only  one  monkey  (No.  644). 

Cavity  Fluid:  In  five  Instances  varying  amounts  of  ascites  were  observed, 
twice  accompanied  by  hydrothorax  and  ones  by  hydropericardium  (Zable  II). 
Association  of  pleural,  pericardial,  and  peritoneal  effusion  was  encountered 
in  one  animal  only  (No.  644). 

Gastrointestinal  Tract:  Lesions  of  oesophagostomiasls  were  observed  in  a 
large  percentage  of  the  animals  in  the  mesentery  and  in  the  walls  of  the  large 
Intestine.  Specific  gross  lesions  that  could  be  attributed  to  anthrax  were 
not  recognized. 

Endocrine  Glands;  Isolated  or  multiple  small  foci  of  hemorrhages  were 
occasionally  observed  in  the  adrenal  cortices.  No  other  lesions  were  detected 
In  the  endocrine  organs. 

Central  Nervous  System:  One  case  of  hemorrhagic  meningitis  associated  with 
mediestinitis  end  hemorrhagic  lymphadenitis,  involving  the  hilar  and  tracheo¬ 
bronchial  lymph  nodes  was  observed.  Otherwise  the  central  nervous  system  was 
spared. 


TABUS  II.  CROSS  PATHOLOGY  IN  MONKEYS  WITH  KXPKR 
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Skeletal  Muscle:  Extension  of  the  massive  gelatinous  edema  of  the  skin 
and  subcutaneous  tissues  at  the  site  of  Inoculation  of  those  cases  that 
developed  an  Intense  cellulitis,  Into  and  between  the  skeletal  muscle  bundles, 
was  the  only  evidence  of  Involvement  of  the  striated  muscles. 

Genitourinary  and  Cardiovascular  Systems.  Salivary  and  Thymus  Glands,  and 
Bone  and  Bone  Harrow:  No  gross  lesions  were  observed, 

C.  MICROSCOPIC  EXAMINATION 

Skin  and  Subcutaneous  Tissues?  The  |kln, .and  subcutaneous  tissues  at  the 
site  of  Inoculation  and  at  times  of  the  entire  forearm  and  arm  were  altered  to 
varying  degrees  by  a  cellulitis  characterised  by  massive  edema.  Inflammatory 
Infiltration,  hemorrhage  and  necrosis. 

The  aufface  epithelium  was  generally  .little* effected.  There  wee,  at  times, 
minimal  to  marked  edema  In  the  corium  acccmpanled  by  e  few  scattered  Inflam¬ 
matory  cells  especially  about  tha  blood  vessels  at  the  dermal -epidermal  Junction. 
Below  this  level  the  tissues  were  markedly  edematous  end  contained  cellular  In¬ 
filtrates  and  areas  of  frank  necrosis  (figure  2)e  The  Inflammatory  Infiltrates, 
chiefly  leukocytes,  with  a  large  number  of  eosinophils  and  monocytes,  were 
numerous;  they  were  diffusely  distributed  or  infoci  about  the  blood  vessels. 

A  large  number  of  bacilli  were  evenly  distributed  throughout  the  effected 
tissues  in  this  area.  Diffuse  hemorrhage  end  necrosis  were  also  a  pert  of 
these  phlegmonous  lesions.  The  blood  vessels,-  particularly  the  arteries,  con¬ 
tained  bacilli  and  lnflasmatory  cells  and  in  some  cases  showed  minimal  to 
marked  necrotlxing  changes,  Widespread  Inflammatory  infiltrates  were  especially 
marked  about  these  vessela  end  around  the  necrotic  areas*  Sine  inflammatory 
cells,  necrosis  and  hemorrhage  were  occasionally  present  about  the  cutaneous 
appendages.  The  adjacent  skeletal  muscle  frequently  wee  damaged,  revealing  a 
similar  picture.  A  large  number  of  Inflammatory  cells  were  visible  between 
the  muscle  bundles. 

Lymphatic  System:  Lymph  Nodes:  The  reaction  of  the  lymphatic  tissues  was 
variable  between  animals  and  within  the  same  animal.  Principal  histologic 
features  were  necrosis  with  marked  depopulation  of  tha  lymphoid  elements, 
hemorrhage,  inflammatory  infiltration  of  varying  intensity,  and  varying  numbers 
of  bacilli.  Cellular  infiltrations  were  made  tip  of  neutrophils  and  monocytes. 

The  monocytes  frequently  had  phagocytized  erythrocytes,  bacilli,  and  cellular 
debris  (Figure  3). 

In  some  nodes  the  general  architectural  pattern -war  wail  preserved,  in 
others,  those  severely  involved,  the  pattern  war.  in  complete  disorder. 

In  the  lymph  nodes  with  minimal  to  mild  injury  tha  histological  picture  wee 
essentially  that  of  some  necrosis  of  lymphocytes  with,  tha  resulting  Cellular 
debris  In  tha  dilated  sinuses  and  in  the  follicles,  a  email  number  of  neutro¬ 
phils,  some  edema  and  congestion,  end  same  bacilli,  as  individual  organisms  or 
in  pockets.  In  the  severely  affected  nodes,  there  was  marked  necrosis,  with 
severe  depopulation,  which  give  the  impression  of  e  "lysing  necrosis."  Hemor¬ 
rhage  and  masses  of  bacilli  were  frequently  associated  -with  this  necrosis. 
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ricunc  *•  lymph  nook  (acc.  •«*.  sooo-spore  group). 

necrotizing,  hemorrhagic  lymphadenitis  with  marked 

TISSUE  DESTRUCTION  *  INPL AMMATORY  REACTION. 
NECROTIZING  VASCULITIS  SHOWN  IN  (s).HSE  (a)  XSS.  (•)  SSSO 


hr. 


Mononuclear  phagocyte*  frequently  containing  cellular  debrla  were  vary  prominent. 
Brythrophagocytoaia  waa  alao  observed. 

The  lymph  nodea  were  generally  hypereaic  with  some  proliferation  of  the 
reticulua  cella  regardleaa  of  the  degree  of  injury.  In  aoaw  nodea  thla  pro* 
llferation  of  reticulua  cella  waa  quite  prominent. 

Hemorrhage  waa  proainent  in  aoae  node*,  ainiaal  in  other*.  Soaetiaea,  the 
hemorrhage  waa  aeen  in  aaaoclatlon  with  the  necroala,  at  other  tlaea  one 
occurred  without  the  other.  The  degree  of  necroaia  appeared  to  be  related  to 
the  nuabere  of  bacilli  present.  However,  node*  containing  small  number a  of 
bacilli,  particularly  in  the  vessels,  with  minimal  other  changes  were  observed. 

Spleen:  The  spleen  was  frequently  the  site  of  extensive  and  severe  change*. 
There  was  dilatation  and  engorgement  of  the  sinuses,  with  necrosis  of  cells  in 
follicles  and  pulp  (Figure  4).  The  degree  varied  fro*  one  aninal  to  another  and 
from  one  area  to  another  in  the  same  spleen.  Accumulation*  of  leukocytes, 
especially  mononuclear  cells  were  frequently  seen  in  the  pulp  and  sinuses,  end 
occasionally  in  the  follicles,  Plasaa  cells  and  varying  numbers  of  phagocytlxing 
monocytes  containing  erythrocytes,  bacilli  or  cellular  debris  coononly  occurred. 
Bacilli  were  proainent  within  the  splenic  parenchyaa.  Necrosis  and  hemorrhage 
were  often  present  not  only  within  the  red  pulp  but  also  at  the  level  of  the 
follicles,  some  being  entirely  destroyed  and  replaced  by  hemorrhage  with  or  with* 
out  necrosis.  The  picture  of  the  severely  damaged  spleen  vss  that  of  severe 
depopuletion  (disruption  of  Che  erchitectural  pattern),  hemorrhage,. necrosis, 
and  tremendous  numbers  of  bacilli. 

In  the  less  affected  spleen  there  were  at  times  minute  or  annular  hamor* 
rhages  at  the  peripheral  portion  of  the  follicles.  Usually  the  Malphigian 
corpuscles  were  partially  atrophic  end  often  had  prominent  germinal  centers. 

In  occasional  cases,  there  wee  necrosis  of  isolated  vessel  walla  with- prominent 
or  moderate  perivascular  inflammatory  reaction. 

Upper  Respiratory  Tract:  Minimal  edema  with  varying  degrees  of  subanicosal 
congestion  were  observed  in  the  upper  respiratory  tract  of  soaie  animals*  No 
lesions  of  the  epithelial  lining  of  the  mucosa  were  recognized. 

Lungs:  Lesions  of  pulmonary  acariasls  were  seen  in  lung*  of  practically 
ell  aniauls.  A  detailed  description  is  given  in  another  section  on  respiratory 
anthrax  where  they  seemed  to  pley  e  significant  roles' .  These  parasitic  lesions 
in  the  present  series  of  animals  were  not  modified  by  the  infection,  except  in 
one  case  (No.  892)  in  which  there  were  messes  of  bacilli  present  (Figure  5). 

The  pulatonary  changes  that  were  seen  were  essentially  those  of  septicemia 
and  bacteremia.  Edema  and  hemorrhage  of  varying  intensity  were  observed  several 
times.  In  two  Instances  the  hemorrhage  waa  considered  massive  (No.  C-9  and  705, 
Tables  II  and  III).  Diffuse  inflanatory  infiltrates,  consisting  chiefly  of 
monocytes,  were  observed  primarily  in  the  interstitial  spaces  and  In  the  elveo* 
lar  walla  (Figure  6).  In  some  animals  the  lung  parenchyma  contained  myriede  of 
bacilli.  These  bacilli  were  primarily  in  the  interalveolar  capillary  spaces, 
and  appeared  to  literally  "bust  out"  of  the  capillaries;  in  other  cases,  only 
a  few,  or  no,  bacilli  were  observed. 
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FIGURE  4.  SPLEEN.  SEPTIC  SPLENITIS,  WITH  HEMORRHAGE  A  ATROPHY 
OF  FOLLICLES,  FOCAL  OR  DIFFUSE  NECROSIS  A  MYRIADS  OF 

•  ACILLI  EVENLY  DISTRIBUTED  THROUGHOUT.  H  A  E  (A )  (ACC. 

•  34,  BOO-SPORE  CROUP,  XBT)  (i)  (ACC.  BI4 , 

40,000- spore)  xses. 
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P'CURC  «.  LUNG  (ACC.  M2.  SOO-SEORC  CROUR)  MCMORRHAGIC 

RNCUMONIT1S  W»TM  COCMA .  R  ROT  ClN- LIKE  RAfCIRITATE , 

*  numerous  sacilli.  mac  (a)xsr  (•)*»•». 
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(a)  SMALL  ,  UOLATCD,  WITH  NO 
SIGNIFICANT  INFLAMMATOAY  ACACTION 

'A1,  CAOOA,  DC  AO 

OATSJ  (■)  *3,0.  EXTENSIVE. 

acscmsunc  acute  YELLOW  ATAOPNY 
(ACC.  SSI,  SOO-SFOAE  CAOUF.  DEAD 
°AV  •MO**  (o)  FOCAL,  WITH 


nuueaous  aacilli  A  WODEAATE  TO 
MAAAEO  inflamwatoav  aeaction. 

(SOO-SFOAt  CAOUP  c:  ACC.  tjl 
0:  ACC.  *34) 
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The  alveolar  walls  were  on  occasion  thickened  by  an  Irregular  lining  of 
homogeneous,  fibrinous,  acellular,  pink  material,  which  at  tines  took  on  a 
hyaline  appearance.  Some  of  these  alveolar  spaces  were  filled  with  homogeneous 
or  faintly  granular  proteinaceous  eosinophilic  material  containing  a  variable 
number  of  erythrocytes  (Figure  6). 

Damage  to  bronchial  epithelium  was  not  seen  outside  of  the  lung  site 
lesions.  Fibrinous  pleuritls  associated  with  a  mild  cellular  response  and 
hydrothorax  waa  seen  on  occasion.  Bacterial  thrombi  were  observed  in 
several  instances. 

Liver:  The  injury  to  the  liver  varied  from  congestion  and  adema  to  degen¬ 
eration  and  necrosla,  invariably  associated  with  evidence  of  septicemia.  The 
severity  and  occurrence  of  the  hepatic  lesions  and  their  relationship  to  the 
time  post-challenge  and  dose  are  shown  in  Tables  111  and  IV. 

Liver  necrosis  and  hepatocellular  destruction  did  not  follow  any  specific 
pattern.  There  were  small  areas,  not  always  sharply  circumscribed,  in  which 
the  hepatic  cells  were  in  various  stages  of  degeneration  and  necrosis.  In 
these  areas  the  liver  cells  were  either  atrophic  or  swollen,  even  though  they 
had  distinct  margins  and  a  pale  granular  or  "tartly  hyalinized  cytoplasm 
(Figure  7).  The  nuclei  were  frequently  pyknotic  with  varying  degrees  of 
karyolysis  and  karyorrhexls.  Necrosis  was  seldom  diffuse.  Xssentlally  there 
was  focal  degeneration  and  destruction  of  hepatic  cells  frequently  associated 
with  mild  lnflamutory  reaction. 

In  one  instance  only  (No.  812)  waa  there  massive  diffuse  necrosla  in  which 
hepatic  parenchyma  was  destroyed  over  extensive  arees.  This  massive  destruction 
of  hepatic  cells,  a  condition  resembling  "acute  yellow  atrophy,"  was  accompanied 
by  infiltration  of  inflammatory  cells  although  the  architectural  pattern  was 
generally  well  preserved.  This  condition  wss  most  marked  about  the  peripheral 
parts  of  the  lobules  and  was  chiefly  accompanied  by  mononuclear  calls,  lympho¬ 
cytes,  plasma  ceils  with  a  few  neutrophils  and  occasional  eosinophils. 

In  general,  regardless  of  the  degree  of  destruction  of  the  hepatic  cells, 
the  preserved  sinusoids  were  congested  and  contained  varying  numbers  of  bacilli 
and  inflamatory  cells.  Bacillary  capsules  were  strongly  PAS  positive.  In 
addition,  the  amount  of  PAS  positive  material  in  Kupffer  calls  waa  increased 
and  aome  PAS  positive  material  was  observed  within  the  hepatic  cells  (sea  dis¬ 
cussion).  The  bile  ducts  were  generally  unaffected.  The  areas  of  necrosis, 
especially  when  small,  could  be  central,  midzonal  or  peripheral.  Oftan  a  null 
necrotic  area  especially  in  its  early  evolution,  was  not  accompanied  by  inflam¬ 
matory  reaction.  Most  of  these  necrotic  lesions  were  accompanied  by  fatty 
metamorphosis  and  numerous  bacilli;  hemorrhages  were  rarely  seen. 

Gastrointestinal  Tract;  Most  of  the  monkeys  in  this  series  had  lesions  of 
oesophagostomiasis  and  atrongyloidoala.  Bacilli  were  frequently  found  within 
these  lesions.  In  one  instance,  an  acute  ulcer  of  the  small  intestine  possibly 
associated  with  atrongyloidoala,  contained  a  large  lumber  of  bee till  (Figure  8). 
In  another  case,  numerous  bacilli  were  found  in  an  area  of  focal  peritonitis 
associated  with  oesophagoatoaiasls.  A  third  case  of  perforated  chronic  ulcer  of 
the  colon,  containing  bacilli,  waa  also  associated  with  oesophagostomiasis.  In 
two  of  these  cases  ascites  was  observed. 


flOURE  t.  ADRENAL  GLANO  f ACC.  *70.  SOCO-SRORE  OROUI») 
CORTICAL  HEMORRHAGE.  WITH  NECROSIS,  MULTIPLE 
MAE  (A)  *17.  (•)  XSS  . 


74 


TAILS  III.  SUHMAR;  OF  MT.JivOSCOPIC  FA  I  HOLOGt  0?  EXPERIMENTAL  lOTRADSKHAL^ 
ANTHRAX  IN  MONXE.S 


a.  Intradcrma?  axcer?  Kcnka..-  .  P,$2  -  ffr.S.t-itaaaoua. 

b.  Kidney  chaigm:  -(O 

c*  Cardiorajcular  it  «(v) 

d,  CNS  change*:  -  (h-k-) 
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TABLE  IV,  HEPATIC  CHANCES  IN  EXPERIMENTAL  INHA33tSMAL*/  ANTHRAX  IN  MONKEYS 


EDEMA 


DEGEN- 


CON-  (Serous  TUmKCa  ESATION 


(Spores)  (Acc.  GZST-  Hepa-  ~ 

No.)  ION  titls)  ARDfI‘ 


AND 

ATROPHY 


809 

(642) 


IKDI-  FA3-FCSITIVX 

VIDUAL  f0CAL  MATERIAL  SUMMARY 

CZLL  NEC10-  Liver  JCupffer  GRADING 

NXCX0”  818  Cells  Cells 

SIS _ 


810 

(634)  444  444  444 

812 

(631)  44  44  4 


444  44  4  44  444 

4  4444^  4  44  4444 


C-9 

(662)  444  444  44  44  -  -  44  4  44 

723  '  ' 

(644)  4  44  ±  -  ±  4  *4  4 


743 

(671)  444  44  4  44  4  44  4  4  44 

5,000 

705 

(643)  444  444  444  444  444  444  4  44  444 

766 

(670)  4444  44  44  44  44  -  44  44 


a.  Intradermal  except  Monkey  No,  892  -  subcutaneous. 

b.  Extensive  necrotizing  hepatitis  vith  little  modification  of  the  remaining 
hepatic  parenchyma. 
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Endocrine  Organs:  The  adrenal  was  the  only  gland  frequently  involved.  The 
adrenal  leelon  vae  eeeantlally  cortical,  characterised  by  Isolated  or  multiple 
hemorrhages  with  or  without  necrosis  and  usually  with  numerous  bacilli  (Figure  9). 
Bacterial  thrombi,  similar  to  those  encountered  in  the  liver,  lungs  and 
occasionally  elsewhere,  were  also  observed. 

Fancreas,  pituitary,  teatla,  thyroid,  parathyroid  glands  were  generelly 
spared.  No  lesions  were  detected  in  these  organs. 

Central  Nervous  System:  Involvement  of  the  centrel  nervous  system  wee  seen 
in  only  one  of  this  eeriee  of  animals.  Xn  this  instance  (No.  723)  an  extensive 
hemorrhagic  meningitis  with  an  intense  neutrophilic  infiltration  into  the 
meninges,  a  concomitant  necrotizing  vasculitis  end  necrotlsing  lymphadenitis 
(tracheobronchial  and  hilar),  were  recorded  (Figure  1QA  4  >). 

Genitourinary  System:  lesions  of  the  genitourinary  tract  were  minimal.  In 
two  instances  thera  were  focal  hemorrhages  with  bacilli  in  the  ovaries.  The 
kidneys  were  spared  excapt  in  two  caaaa,  iaolatad,  small,  and  rather  minute  foci 
of  cortical  necrosis  were  observed.  Other  kidney*  had  varying  numbers  of  bacilli 
within  the  glomerular  tufts  with  no  significant  pathologic  changes  (Figure  11). 

Cardiovascular  System;  Heart:  Although  the  myocardium  and  tha  large  blood 
vessels  were  not  affected,  definite  changes  in  the  walls  of  some  blood  vessels 
were  observed,  in  two  instances,  focal  small  myocardial  haaorrhages  were  seen. 

In  one  instance,  e  mild  myocarditis  was  observed.  Minute  interstitial  foci  of 
necrosis,  composed  of  degenerating  myocardial  fibers,  were  seen  within  this 
lesion.  Xn  this  esse,  the  capillaries  were  dilated,  and  there  were  focal  axtra- 
vasations.  A  few  small  clumps  of  perivascular  Inflammatory  cells,,  chiefly 
mononuclear,  were  also  present.  The  walls  of  same  capillaries  revealed  focal 
degeneration  or  necrosis,  with  numerous  bacilli  within  and  ouside  of  the  lumen. 

Blood  Veaaele:  The  principal  lesions  of  blood  vessels  were  the  bacterial 
thrombi  seen  in  many  organs  associated  with  septicemia  and  a  necrotlsing  lesion 
of  the  vessel  walls  observed  in  several  organs.  This  lesion  generally  observed 
in  association  with  necrosis,  hemorrhage,  and  numerous  bacilli,  was  charactarlsed 
by  a  frank  necrosis  or  flbrlnold-like  degeneration  of  tha  vassal  walls  (Figures 
3  and  10). 

Thymus :  Anthrax  bacilli  had  no  injurious  effects  upon  tha  thymua.  Xt  was 
consistently  spared. 

Bone  Marrow:  The  bone  marrow  was  generally  cellular.  Izr  some  cases  there 
were  congestion  and  increased  numbers  of  megakaryocytes.  In  other  animals  the 
megakaryocytes  underwent  degeneration  or  partial  necrosis  with  pyksosis  and 
fragmentation  of  nuclei  (Figure  12).  Occasionally  small  foci  of  necrosis 
Infiltrated  with  inflammatory  cells,  chiefly  mononuclear,  were  found.  Varying 
numbers  of  bacilli  were  present. 
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riGURC  10.  MENINGES.  (ACC.  *44,  SOOO-SRORE  CROUR  ,  OCAO  OAV  ft) 
MASSIVE ,  HEMORRHAGIC  MENINGITIS  •  WITH  NUMEROUS 
BACILLI  *  WIOZSRREAO  NECROTIZING  VASCULITIS.  H  *  E 
(A)  XIOO,  (B)  X  300. 


newt  BONE  M  ARROW  (ACC.  .44,  BOOOSRORC  6R0UR) 
TWO  roci  Of  NECROSIS  *  OECEnCRATIWC 
MEGAKARYOCYTES.  mac  >11. 
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IAS  LX  V.  SUMMARY  OF  FRINCIFAL  LESION^  CCNTRIRtTUC  TO  DEATH 
IN  EXPERIMENTAL  INmEERMAL^  ANTHRAX  MONETIS 


DOSE  MONKEY  NO. 

DAY  OF 

LESIONS 

(Spores)  (Ace.  No.) 

■Muyi 

EARLY  (1-5  days) 

UTS  (3-17  days) 

809 

17 

m 

Extensive  cellulitis  and 

(642) 

ayositls.  Necrotizing 
hepatitis. 

810 

(634) 

500 

10 

m 

Cellulitis.  Necrotizing 
hepatitis,  aoderate. 

812 

(631) 

8 

• 

Massive  necrotizing 
hepatitis.  Cellulitis. 

C-9 

(662) 

3 

Heaorrhagic  pneuaonitis. 

723 

(644) 

5 

Necrotizing  heaorrhagic 
meningitis!/.  Hydro¬ 
thorax. 

* 

5,000 

743 

(671) 

5 

Hydrothorax.  Necrotizing 
hepatitis,  aoderate. 

- 

705 

(643) 

5 

Heaorrhagic  pneuaonitis. 

as 

766 

(670) 

3 

Extensive  cellulitis. 

Adrenal  henorrhage  and 
necrosis. 

as 

10,000 

892 

(899) 

5 

Pneuaonitis.  Extensive 
cellulitis.  Adrenal 
heararrhages. 

- 

40,000 

678 

(814) 

4 

Extensive  cellulitis. 

Adrenal  heaorrhages. 

«a 

a.  Septiceala,  lymphadenitis  and  splenitis  ware  present  in  all  caaee. 

b.  Xntraderaal  except  Monkey  No.  892  -  subcutaneous. 

c.  Heaorrhagic  meningitis  was  also  seen  in  two  other  aniaals,  fron  another  series, 
that  died  on  days  4  and  6.  See  "CKST*  under  discussion. 
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IV.  DISCISSION 

Bated  on  this  systematic  study  of  th«  organs  of  th«  monkeys  dying  from 
septicemia  and  Its  complications,  It  appears  that  thera  was  no  unifora  histo¬ 
pathologic  picture.  Septicemia,  lymphadenitis  and  splenitis  vers  present  in 
all  cases. 

As  has  been  pointed  out,  ail  monkeys  died  follovlng  the  challenge.  Although 
the  number  of  animals  vas  small  in  each  group,  an  attempt  was  made  to  correlate 
the  time  of  death  with  the  sice  of  challenge  administered.  The  range  of  survival 
tine  for  the  500-spore  animals  was  3  to  17  days  with  a  mean  of  9.5  days.  Tha 
range  of  survival  time  for  5,000-spore  animals  was  3  to  5  days  with  a  mean  of 

4  days.  All  animals  died  with  a  septicemia. 

Tha  principal  lealona  in  this  aarles  of  animals  are  shown  in  Tsblt  V  and 
summarized  es  follows:  frequently  (4/7),  in  tha  group  with  early  deaths  (1  to 

5  days),  the  animals  died  of  respiratory  involvement,  either  hemorrhagic  pneu¬ 
monitis  or  massive  hemorrhage;  the  animals  dying  later  (3  to  17  days)  developed 
extensive  cellulitis  at  the  sits  of  Inoculation  often  accompanied  by  necrotizing 
hepatitis. 

The  variability  of  the  pathologic  responses  of  this  host  to  thla  infection 
is  Indeed  remarkable.  Xach  animal  and  every  tlaaue  appeared  to  respond  differ¬ 
ently.  In  the  same  animal  some  organs  wera  rich  In  bacilli,  others  spared. 
Although  the  capillaries  and  blood  vessels  exhibited  varying  numbers  of  bacilli, 
the  lung  parenchyma  for  example  was  sometimes  spared. 

The  lymphatic  system  and  blood  appeared  to  be  the  first  targets  In  which 
the  bacilli  were  trapped  even  though  they  showed  the  greatest  variation  in 
histologic  pictures.  Both  appeared  to  play  a  role  in  the  dissemination  of  the 
organisms  froa  the  site  of  inoculation,  and  thera  vas  no  evidence  that  one  is 
the  preferred  initial  route  over  the  other.  Same  lymph  nodme  in  a  single 
animal  were  spared  whereas  others  contained  myriads  of  bacilli.  Thla  discrepancy 
vas  even  more  prominent  from  one  animal  to  another.  The  spleen  differed  from  the 
lymph  nodes  in  that  it  vas  invariably  involved,  snd  contained  myriads  of  bacilli. 

A  classification  of  the  systems  end  organs  of  M.  mulatto  according  to 
decreasing  sensitivity  of  B.  anthracla  infection  initiated  by  intredermel 
inoculation  may  be  presented  ss  follows: 

1.  Most  sensitive:  blood,  spleen,  and  lymphatic  system. 

2.  Moderately  sensitive:  liver,  adrenals,  and  occasionally  bone  marrow. 

3.  Mildly  sensitive  (occasionally  involved,  especially  when  there  wee  a 
pre-existing  lesion,  such  es  a  parasitic  lesion  or  ulcer):  gastrointestinal 
tract,  respiratory  tract,  genitourinary  system,  cardiovascular  system,  end 
central  nervous  system. 
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4.  Kxtremely  resistant  (no  bacilli  detectable  In  multiple  aectlona  made 
of  these  organa):  thymus,  endocrine  glanda  (except  adrenal*),  salivary  glanda, 
akin,  end  akelctal  muscle  (excluding  the  site  of  Inoculation). 

While  inflammatory  cells,  neutrophils,  lymphocytes,  and  monocytea,  were 
present  In  the  apleen,  lymph  nodes,  lungs,  and  less  often  in  liver,  bone  marrow, 
and  adrenals,  their  numbers  were  not  prominent.  In  general  the  extent  of  the 
inflammatory  reaction  was  minimal  or  mild.  The  skin  and  subcutaneous  tissues 
were  the  only  tissues  in  which  the  inflammatory  reaction  was  prominent  in  those 
cases  that  developed  a  cellulitis  at  the  site  of  inoculation. 

The  dominant  histologic  features  of  parenteral  anthrax  were  necrosis  and 
hemorrhage  with  or  without  inflammatory  reaction.  The  spleen  and  lymph  nodes 
were  the  two  organs  in  which  this  destruction  was  most  conspicuous.  Hemor- 
rhage  and  necrosla  generally  destroyed  a  part  or  all  of  a  lymph  node;  in  some 
instances  the  architectural  pattern  was  almost  totally  destroyed.  The  same 
picture  was  seen  in  the  spleen. 


Massive  pulmonary  infection,  lobar  pneumonia  or  extensive  consolidation 
were  uncommon.  However,  focal,  petechial,  or  diffuse  hemorrhages  and  hemor* 
rhagic  pneumonitis  occurred,  particularly  in  animals  dying  early. 


Focal  necrosis.  Isolated  or  multiple,  often  associated  with  hemorrhage, 
was  observed  in  the  adrenal  cortex  on  several  occasions.  The  integrity  of 
the  adjoining  tissue,  however,  was  always  awintalned.  Diffuse  destruction 
of  adrenals  was  not  observed.  Liver  necrosis  and  hepatocellular  destruction 
of  varying  intensity  and  distribution  were  seen.  The  amount  of  PAS  positive 
material  was  significantly  increased  in  Kupffer  cells,  and  some  strongly  PAS 
positive  droplets  were  also  shown  in  hepatic  cells.  According  to  Popper  et 
al—  ,  the  presence  of  PAS  positive  material  in  hepatic  cells  and  its  Increase 
in  Kupffer  cells  indicates  a  disturbance  of  liver  function  and  impairment  of 
metabolic  activity.  These  authors  state  further  that  the  demonstration  of 
PAS  positive  material  in  the  liver  is  a  valuable  method  for  recognizing  the 
intensity  of  liver  cell  damage. 


Although  the  central  nervous  system  is  involved  under  certain  circum- 
stances!',  it  is  not  generally  affected  in  lntradermally  infected  monkeys. 
In  one  Instance  only  was  there  extensive  necrotizing  hemorrhagic  meningitis 
in  a  monkey  challenged  with  5,000  spores.  This  animal  had  an  in-dwelling 
cardiac  catheter. 

In  another  series  of  animals  receiving  subcutaneous  challenges  and  not 
Included  in  this  study,  cases  of  hemorrhagic  meningitis  were  seen. 
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v.  su*-n»  *7 

This  study  was  undertaken  to  sscsrtsln  ths  detailed  pathologic  changee  of 
parenterally  Induced  anthrax  in  unmodified  M.  gnlettt  and  to  discuss  Its  p«t ha- 
genesis.  A  summery  of  the  principal  lesions  essentially  due  to  septicemia  and 
its  consequences  vas  presented.  The  dominant  histologic  features  of  intra- 
dermally  Induced  anthrax  in  this  host  were  necrosis  and  hemorrhage  with  or  with¬ 
out  inflammatory  reaction. 

A  sequence  of  events  may  be  reconstructed  as  follows  (Figure  13):  Gemi¬ 
nation  of  spores  probably  occurs  at  the  site  of  Inoculation.  Bacilli  multiply 
and  produce  a  local  lesion  at  this  point.  The  organisms  Invade  the  lymphatics 
and  blood  vascular  system;  upon  arriving  at  the  spleen  and  lymph  nodes,  they 
cause  extensive  hemorrhage  and  o->.crosla  in  these  tissues.  With  e  high  Infecting 
dose  of  spores,  an  overwhelming  septiceaile  develops  early  (1  to  5  days),  fre¬ 
quently  with  respiratory  complications  dua  to  lasions  of  tha  pulmonary  parenchyma 
or  fluids  in  tha  plaural  cavity.  With  asall  doses,  death  generally  occurs  later 
(3  to  17  days,  mean  9  days)  with  frequent  lesions  in  the  viscera,  l.e.,  liver 
end  adrenals. 


FIGURE  11.  DIAGRAMMATIC  PRESENTATION  OF  PATHOGENESIS  OF 
EXPERIMENTAL  INTRAOERMAL  ANTHRAX  IN  MONKEYS. 
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STUD  IIS  ON  BACILLUS  AMTBUiCIl 

FAST  * 

IATHOLOCY  OP  EXPIMKIRTAL  IISPIKATOBY  ANTHIAX  IX  KACACA  KUUTTA 
(Cleiser,  Bard J la,  Hartman  and  Gee honour) 

I.  INTRODUCTION 

Toe  pathology  of  terminal  intradermal  anthrax  in  tha  unmodified  K»ceca 
mulatto  is  described  elsevherei' .  Tha  principal  lesions  observed  vara 
hemorrhage  and  necrosis  involving  a  vide  variety  af  organs  and  systems, 
cutaneeus,  lymphatic,  vascular,  hepatic,  endocrine,  and  central  nervous. 

Experimental  respiratory  anthrax  has  bean  studied  in  a  wide  variety  of 
animal  hoata  In  an  attempt  to  elucidate  the  pathogens ale  of  respiratory 
anthrax  in  man.  Youngi'  reported  etudies  in  guinea  pige,  mice,  doge,  rata, 
and  monkeys  but  omitted  pathology  for  the  monkey.  Albrlnkl'  described 
pathology  of  respiratory  anthrax  in  three  chimpeneees  and  BarnesS'  and 
Besd'  reported  on  the  pathogeneeia  in  guinea  pigs,  rabbits,  end  idee. 

It  is  the  purpose  of  the  present  studies  to  determine  the  pathmlogic 
picture  of  terminal  respiratory  anthrax  in  tha  unmodified  H.  mulatto,  end 
further  to  determine  if  the  else steal  1 she let  lea  anthrax,  ^Weol sorters* 
Disease**  of  man  so  vividly  described  by  Greenfields'  In  1831  end  "Inhala* 
ti«nsmllxbran<f*  by  PraenkelH'  In  1925,  could  bo  reproduced  in  this  host. 

This  report  deals  with  our  pathologic  findings  and  esmpares  then  with 
those  of  intradermal  anthrax  in  this  host. 

Any  description  of  the  pathologic  changes  in  an  experimental  respiratory 
infection  must  be  preceded  by  e  very  brief  commentary  or  the  normal  anatomy 
of  tha  lung. 

The  area  of  primary  concern  is  that  port  Isa  of  the  respiratory  tree  that 
begins  with  the  terminal  bronchiole,  has  no  cartilage,  and  has  an  abundance 
of  muscle  and  columnar  ciliated  epithelium  (Figure  1).  This  portion  divides 
into  the  respiratory  bronchioles  which  give  rise  to  individual  alveoli  celled 
respiratory  alveoli.  The  transition  to  cubeldal  non»ciliated  epithelium 
occurs  at  this  level.  The  respiratory  bronchiole  divides  into  the  alveolar 
ducts  which  ere  lined  by  low  cubeldal  or  sguamsus  typo  epithelium.  The  atria, 
somewhat  aperical  cavities  arising  from  the  alveolar  duct  (3  to  6  per  duet), 
ere  lined  with  flat  respiratory  epithelium  and  give  rise  to  the  alveolar 
saccule  end  the  pulmonary  alveoli. 

The  respiratory  alveoli  which  arise  directly  from  the  respiratory 
bronchiole  are  of  particular  lapertanee  in  any  consideration  of  tha  path^ 
genesis  of  a  respiratory  infection  because  they  are  tha  only  alveoli  which 
are  accompanied  by  lymphatics.  Lymphatics  according  to  Killed'  are  mot 
found  beyond  tha  alvoolar  duets.  Therefore  thorn  are  no  lymphatics  at  the 
level  of  the  alveolar  saccules  and  the  terminal  pulmonary  Alveoli. 


SHOWING  -PRINCIPAL  SITE  OP  LUNG  MITE  LESIONS 
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SITE  OF  LUNG  MITE 


FICURE  8.  ACC.  10*7  -  LUNG  MITE  LESIONS  AS  USUALLY  SEEN  GROSSLY  IN  M.  MULATTA. 
FIGURE  S.  ACC.  23  -  LUNG  MITE  LESION  IN  M  MULATTA.  (A)  MITE;  (B)  RERIBRONCH*OLAR 
LYMPHOID  HYPERTROPHY;  (C)  MUSCULAR  HYPERTROPHY;  ID)  PARASITIC  PIGMENT 
X  23 

FIGURE  4.  ACC  2S  -  LUNG  MITE  LESION.  (A)  PARASITE;  <S)  FLATTENED  BPONCHOLAR 

EPITHELIUM;  (O  PERIBRONCHIOLAR  LYMPHOID  ELEMENTS,  MACROPHAGES,  B 
OCCASIONAL  EOSINOPHIL.  X360 
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The  question  of  the  presence  of  on  epithelial  lining  in  the  alveoli  ia 
beyond  the  scope  of  this  study.  The  interested  reader  is  referred  to  texts 
on  the  anatomy  of  the  primate  lun&fA?/ , 

Mention  also  should  bo  made  at  this  time  of  the  lung-mite  an  ever-present 
parasite  in  the  pulmonary  tree  of  the  M.  mulatto  and  the  lesion  it  produces. 

The  lung  mite,  Pneuramysnua  slalcola  and  related  species,  has  a  reported 
incidence  of  80  to  100  per  cent  in  this  host u’.v .  The  leslone,  described  by 
Innas  et  eldS^  are  readily  found  et  autopsy  ss  subpleursl,  discrete,  generally 
depressed,  yellow  lesions  vary lag  in  slse  from  1  to  2  on  (Figure  2).  They  ere 
found'  In  ell  portions  of  the  lobes.  Sometimes  they  have  a  halo  of  congestion. 
The  microscopic  picture  of  the  lung  mite  lesion  is  variable,  probably  being  a 
function  of  the  age  of  the  lealon.  The  lesion  occurs  in  bronchioles  et  e 
level  where  cartilage  le  absent.  It  ia  essentially  a  bronchiolitis  accompanied 
by  muscular  hypertrophy,  lymphoid  hyperplasia,  variable  degrees  of  eoslnophllla, 
much  pigment  of  parasitic  origin,  many  pigment-laden  macrophages,  occasional 
giant  cells,  thickening  of  the  bronehlolar  well,  destruction  of  the  lining 
epithelium,  end  some  Involvement  of  the  adjacent  pulmonary  parenchyma  (Figures 
3  and  4).  The  mite  Itself  is  frequently  seen  in  the  lumen  or  in  the  well  of 
the  bronchiole.  The  lealon  is  discrete,  but  not  encapsulated.  These  lesions, 
involving  the  portion  of  the  respiratory  tree  intimately  concerned  in  experi¬ 
mental  respiratory  infections,  must  be  borne  in  mind  in  any  consideration  of 
aueh  infections  and  their  pathogenesis. 

The  true  lymph  nodes  In  the  pulmonary  cavity  of  M.  mulatto  include  the 
hilar,  mediastinal,  and  tracheobronchial.  The  hilar  nodes  ere  discrete  end 
ere.  situated  in  the  hllua  of  each  lung.  The  mediastinal  nodes  ere  multiple, 
smell,  discrete  nodes  situated  along  the  trachea.  The  tracheobronchial  nodes 
form's  cluster  of  smell  nodes  et  the  bifurcation  of  the  trachea.  These  true 
lymph  nodes  for  sake  o?  brevity  will  be  referred  to  as  "lntrathoracic  nodes." 

II.  MATERIALS  AND  METHODS 

Animals  used  fox  these  studies  were  young,  2  to  4  kg,  immature  M.  mulatto 
of  both  sexes,  in  good  etetes  of  health  end  nutrition;  they  had  been  tuber¬ 
culin  tested  and  screened  radiographically  for  chest  pathology.  Base-line 
temperatures  were  generally  taken  fox  two  day*  prior  to  exposure. 

A  spore  suspension  of  the  Vollta-189  strain  of  Bacillus  anthracls  prepared 
in  July  1957  was  used  in  these  studies.  The  spore  concentration  at  the  time  of 
preparation  was  approximately  5  x  1010  cells/ml.  The  materiel  had  been  stored 
at  5*C  in  5  per  cent  phenol.  Working  suspensions  wort  heat- shocked  approxi¬ 
mately  48  hour*  prior  to  aerosollsatlon  by  incubation  et  60*C  for  30  minutes. 
Plate  counts  made  on  the  original  suspension  from  time  to  time  have  shewn  no 
significant  lots  in  viability.  Likewise,  perentersl  guinea  pig  titrations  have 
felled  to  show  any  lose  of  virulence  of  the  spore  suspension  during  the  period 
of  storage. 

Animals  were  exposed  to  a  dynamic  cloud  generated  in  e  modified  Henderson 
spperetusii' .  A  primary  aerosol  was  generated  et  the  rate  of  8  L/ain  by 
employing  a  spray  heed  producing  particles,  80  per  cent  of  which  were  2m  or 
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leaf  in  diameter.  The  px inary  aaroaol  was  diluted  with  t saspered  air  at  a 
relative  humidity  af  89  par  cent  at  th«  rata  of  20  standard  The 

aerosol  vaa  drawn  past  the  animals'  faces  la  a  claatd  exposure  pert  and 
evacuated  from  It  through  glass  inpiogera  centalalag  distilled  water. 
Xstlnatien  of  aerosol  concentration  presented  to  the  animals  was  wade  by 
replicate  standard  plate  counts  of  appropriate  dilutions  of  impinger  fluids. 
Check  virulence  titrations  of  suspensions  used  for  aerosol last ion  and 
iwpinger  fluid  were  wade  in  guinea  pigs.  Dosages  presented  to  the  entasis 
were  varied  by  appropriately  diluting  the  sport  suspension  to  ho  aerosolised 
or  by  varying  the  time  of  exposure.  In  this  seri as,  presented  donee  varied 
frow  1  x  10*  to  3  x  10*  sporsa.  Table  Z  presents  the  dose  distribution  data. 

TABLE  I.  DISTRIBUTION  OP  ANIMALS  EXPOSED  TO  1ESPHAT01T  DOSES  OF  SPORES 

b.  abtkbaczs  (tolluh-isi)  in  unmodified  m.  mm 


DOSE  RANGE 

ITCHIER  OP  M.  KUUTTA 

1  x  10*  to  <  5  x  10* 

4 

5  x  10*  to  <  5  x  105 

6 

5  x  105  to  <  1  x  106 

IS 

1  x  106  to  <  3  x  106 

2 

Post-exposure  observations  consisted  of  at  laaat  twice  dally  axssdnatlen 
of  the  animals ;  including  pulse,  respiration,  and  temperature  and  visual 
observation  of  behavior.  Hood  cultures  were  wade  at  varying  Intervals,  la 
same  Instances  dally,  in  others,  every  other  day. 

Autopsies  in  most  instances  wore  porforwed  within  two  hours  of  death.  Za 
a  few  instances,  moribund  animals  wore  sacrificed  by  exaangnination.  Blood 
smears  were  prepared  at  tins  of  autopsy,  stained  with  crystal  violet,  and 
examined  for  the  presence  of  bacilli.  In  those  rare  instances  whan  gross 
bacteremia  was  not  evident  upon  examination  of  a  stained  blood  smear,  blood 
cultures  ware  nade  by  spreading  approximately  0.2  ad.  of  blood  ox  the  surface 
of  duplicate  nutrient  agar  plates;  these  wore  incubated  at  35*C  fear  24  hours 
and  examined  for  typical  colonial  growth. 

Tissues  were  collected  in  10  par  cant  sallas«fomlln  neutralised  by 
precipitated  CaCog.  Tissue  sect Iona  cut  at  6  js  wore  routinely  stained  with 
hematoxylin  and  aoain.  H&S  was  usually  satisfactory  for  demonstration  of 
bacilli  in  sections,  although  whan  necessary  the  Brown  and  Bran  stain  waa 
employed. 
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HI.  IMfLTS 

A.  CLIHICAL  1SSF0HSES 

The  clinical  reiponres  if  the  uowdif led  X.  owlatta  to  respiratory 
exposures  of  heat-shacked  spores  of  X.  tnthxscle  may  be  briefly  described  as 
undrematlc  and  inconsistent.  Sean  animals  developed  fevers,  others  414  net) 
som  animals  developed  respiratory  distress  prior  tl  ultui,  tana,  nark* 4 
depression,  and  a  fair,  convulsions.  Sms  sis  prior  ta  exitus  «u  observed  an 
occasion.  Diffuse  subcutaneous  edema  at  part l*n*  af  the  head  ar  cheat  m 
obttrrti  la  two  instances.  All  Infected  animals  41*4  with  tarnloal  bacteremia, 
which  la  mat  laataacaa  was  mass Its,  aacartaloabla  naraly  by  alerosceple 
examination  of  a  stained  blood  swear. 

All  aalnals  known  to  have  boon  successfully  exposed  by  aaroaal  to  mra 
than  1  a  10^  spores  war*  lnfaetad  with  three  exceptions:  one  animal  oa 
autopsy  proved  to  have  generalised  tuberculosis  with  no  evidence  of  anthrax 
Infection.  The  other  two  animals  aura  exposed  to  loo  dates,  10,100  and 
10,400  spores. 

Tim  of  death  appeared  to  bo  dose- dependent.  This  relationship  became 
apparent  when  the  28  aaJLnala  in  this  study  were  divided  arbitrarily  into  twe 
groups  relative  t*  their  presented  doaea:  <  500,000  and  >  500,000  spores. 

The  survival  time  range  for  the  lever  doe*  group  wee  3  to" 20  days  with  a 
man  ef  7.5  days;  for  the  higher,  2  to  5  days  with  e  mean  of  3  days. 

B.  CX0SS  PATE0L0CT 

The  prlnlcipal  lesion*  observed  at  autopsy  ar*  ehown  in  Table  11.  It  is 
apparent  that  the  incidence  ef  asm  lesions,  mediae tlnitls,  meningitis,  end 
lung  lesions  is  dose-related.  The  high  incidence  ef  latrathsmelc  lywph- 
adenopathy  in  hath  dose  groups  lx  particularly  striking;  these  ar*  the 
lesions  that  characterize  respiratory  anthrax  infection  in  M.  mulatto  and 
are  worthy  of  special  consideration.  * 

Lymphatic  System :  The  gross  changes  in  the  lymphatic  system  in  respiratory 
anthrax  are  essentially  similar  to  those  of  intradermal  anthrax  infection!'. 
Splenomegaly  was  frequently  seen.  Idem,  hemorrhage,  and  nacres  la  of  various 
lywph  nodes  were  often  observed,  most  frequently  and  meat  intensely  la  the 
Intrathoracle  nodes.  At  times  these  nodes  were  significantly  enlarged  and 
massively  hemorrhagic;  at  other  time  they  were  only  hemorrhagic.  S emetines 
these  nodes  only  were  the  site  ef  grata  lesions.  This  was  particularly  true 
in  the  animals  dying  quickly  after  exposure  to  a  large  sober  of  spores. 

Pleural  Cavities:  Hydxothorax  was  an  Inconstant  finding;  when  fsuad 
severity  was  variable. 
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TAB  Li  II.  INCIDENCE  OF  PRINCIPAL  GSG3S  LESIONS  IH  TERMINAL 
RESPIRATORY  ANTHRAX  IN  THE  tJNKODIPIRO  M.  (fflUTW 


DOSE  OF  B.  ANTHRACIS  STORES 
TV0LLUH-189) 

CROSS  LESIONS  <  500,000  >  300,000 

10  Monkeys  Ift  Kor-keys 

_ _ No.  (X)  No.  (X) 


Medlastlnltls 

2 

(20) 

10 

(56) 

Meningitis,  heaorrhaglc 

2 

(20) 

6 

(33) 

Hydrothorax 

3 

(30) 

4 

(22) 

Hemorrhages,  lung 

2 

(20) 

12 

(67) 

Hemorrhagic  parasitic  nodules,  lung 

2 

(20) 

12 

(67) 

Hemorrhages,  adrenal 

3 

(30) 

8 

(44) 

Hemorrhages,  other  (retroperitoneal,  G.  X.,  etc.) 

3 

(30) 

7 

(39) 

Lyvphadenopathy,  intrathoraclc 

7 

(70) 

13 

(72) 

Splenomegaly 

2 

(20) 

8 

(44) 

Ascites 

1 

(10) 

3 

(17) 

Mediastinum:  idea*  of  the  aediastinsl  tissues  with  son  hemorrhage 
(Figure  21)  was  a  frequent  finding.  This  lesion  was  characterised  by  a  varying 
degree  of  widening  of  the  mediastinum  and  Its  structures  associated  with  the 
hemorrhagic  lymphadenopathy  already  described.  The  tissues  also  had  an  abnormal 
glistening  sheen.  Massive  hemorrhagic  medlastlnltls  was  not  observed  in  unmodi- 
fled  respiratory  anthrax,  with  one  exception  (Monkey  No.  927):  this  animal, 
exposed  to  low  aerosol  dose,  died  on  day  11  with  gross  heaorrhaglc  aedlastinltis 
and  meningitis.  Such  hemorrhagic  mediastinltls  was  observed  frequently  In 
monkeys  exposed  via  the  respiratory  route  and  than  placed  on  antibiotic  therapy 
which  modified  the  course  of  the  disease  but  did  not  spare  the  anlael. 

Respiratory  System:  The  sinuses  and  nares  wore  not  exaained  in  these 
animals.  The  respiratory  tree  beginning  at  the  larynx  was  carefully  examined. 

In  no  instance  was  a  "primary  anthrax  leal  oof,  either  heaorrhaglc  as  described 
by  Greenfields',  or  ulcerative  as  described  by  Fraenkel--.?/,  observed  in  the 
trachea  or  bronchi.  Scattered  patchy  parenchymal  haaorrhsgas  and  edeaa  of 
varying  intensity,  as  seen  in  lntrederaal  anthrax,  and,  expected  in  any  fatal 
bacteremia,  were  observed  in  a  large  nuaber  of  aniaals. 
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"Lung  vita"  lesions  wr»  pretent  in  the  lunge  of  preeticelly  ell  animals. 

Of  particular  into re at  end  importance  in  this  infection  in  thia  hoat  were  sub- 
pleurel  circumscribed  noduler  lesions  aeen  in  many  of  the  pulmonary  lobta 
(Figure a  S  end  9).  Thaae  leaiona  were  1  to  1.5  ca  in  diameter.  They  were 
fine  to  herd  in  eenalatencyt  end  well  circumscribed  but  not  encapsulated.  The 
eubpleurel  eurfece  of  the  lealon  w ca  uauelly  dark  or  heOTThagie  throughout 
but  in  a  ewe  inatancea  the  center  wea  light  grey  end  the  periphery  derk.  The 
cut  eurfece  ef  the  leeien  wee  dark  with  a  light  center  (Figure  6).  Toe 
sectioned  leeien  wee  egeln  found  to  be  uniforuly  firs  end  well  cireuaeeribed. 
Thaae  leaiona  ere  lieted  ee  "hsaorrhagie  pereaitlc  nodule a"  in  Table  Ilf 
their  incidence  eleo  appears  to  be  dose-depandent. 

Central  jgervoua  System:  Hemorrhagic  Meningitis  wee  observed  in  33  per  cent 
of  the  animal •  in  the  large  dose  group,  end  in  20  per  cent  in  the  low  dose 
group  (Table  II).  In  sem  Inatancea  the  lesion  wee  uniformly  diffuse  end  in¬ 
tense  over  the  entire  brain)  in  e  few  cases  it  wee  patchy  end  of  varying 
intensity  over  the  cerebral  end  cerebellar  surfaces.  The  hemorrhagic  process 
wee  confined  to  the  meninges  and  did  not  extend  into  the  brain  proper.  Ideas 
of  the  brain,  however,  as  evidenced  by  excessive  softness  end  wetness,  was  a 
frequent  cencoaltant  finding. 

Other  Croae  Findings:  Hemorrhages  were  found  in  other  locations  with 
inconstant  frequency;  retroperitoneal  end  adrenal  hemorrhages  were  aost 
frequent.  Other  inconstant  or  rare  findings  were  hydropericardlua,  edeaa  of 
the  pericardial  eac,  ascites,  edeae  of  the  subcutaneous  tissues  of  portions 
of  the  heed  end  chest,  end  gelatinous  retroperitoneal  edeaa.  In  one  aena tru¬ 
sting  female  hemorrhagic  cellulitis  ef  the  nipples  end  aaansry  tissues  wee 
observed.  Cellulitis  of  traumatic  origin  in  the  inguinal  regions  end  the 
inner  aspect  of  the  upper  thighs  resulting  from  repeated  venipuncture  of  the 
femoral  sinuses  wee  seen  in  scon  of  the  animals. 

Lesions  of  oeeophegoatoadeele  (e  hookwerra  parasitism  by  the  nematode, 
Oesophagostomua)  were  observed  in  e  large  percentage  of  the  animals  in  the 
mesentery  end  in  the  well  of  the  large  intestine,  particularly  at  the  point 
of  attachasnt  of  the  aeaentery  to  the  intestine. 

C.  MICROSCOPIC  PATHOLOGY 

Lrwnhatic  System:  The  hlatolegle  changes  seen  is  the  lymphatic  tissues 
were  the  saase  as  those  described  for  inoculation  anthrax! ' .  The  principal 
changes  were:  (1)  necrosis  of  the  lymphatic  eleaents  in  the  spleen  end  lymph 
nodes  of  varying  degrees,  from  minimal  te  massive  (Figure  15);  (2)  hemorrhage 
of  varying  intensity,  at  times,  massive  (Figure  16);  (3).  leukocytic,  monocytic 
end  neutrophilic,  infiltration,  also  of  varying  intensity,  perhaps  related  to 
the  degree  of  necrosis;  (4)  variable  numbers  of  baellil  in  vessels  sad  sinu¬ 
soids,  large  numbers  occurring  in  these  cases  where  lymphatic  necrosis  was 
massive  (Figure  17);  (5)  complete  necrosis  of  the  walls  ef  smell  blood  vessels, 
e  lesion  described  by  Berdjls  et  al-  as  "necrotixlng  vasculitis,"  again 
occurring  in  those  nodes  in  which  necrosis  wee  most  marked  (Figure  27);  (6) 

deposition  of  smell  amounts  of  fibrin,  especially  in  association  with  marked 
necrosis  (Figure  16);  end  (7)  phagocytosis  of  nuclear  debris,  resulting  from 
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lymphatic  necrosis,  erythrcphagocytesis,  and  occasional  phagocytosis  of  bacilli 
by  axmocytea  (Figure  18).  Phagocytosis  sf  aporea  was  suspected  in  sany  in¬ 
stances,  but  never  aatiafactorily  confirmed  by  special  staining  technique*!' . 
These  changes  were  observed  most  frequently  and  with  greatest  intensity  in  the 
intra thoracic  nodes.  Not  Infrequently  these  nodes  were  severely  involved, 
whereas  other  nodes  (axillary,  inguinal,  eubnax illary,  cervical,  aw  tenter lc) 
examined  were  involved  to  a  minimal  degree.  In  these  other  nodes  one  saw  only 
minimal  lymphatic  destruction  and  few  bacilli  in  sinusoida.  The  architectural 
integrity  of  these  nodes  was  well  preserved. 

In  six  cases  there  was  Minimal  lymph  node  involvement  but  massive  septicemia 
and  extensive  splenic  involvement.  In  these  animals  the  tracheobronchial  and 
hilar  lymph  nodes  were  amazingly  intact.  In  each  of  these  animals  there  were 
pulmonary  lesions,  either  hemorrhages,  pneumonia  or  necrotizing  bronchiolitis 
due  to  superinfeet ion  of  the  lung  mite  lesions  with  B.  anthracls. 

Spleen;  The  changes  in  spleen  were  similar  to  those  observed  in  lymph 
nodes.  In  addition,  there  waa  usually  dilatation  of  the  sinusoids  which  were 
frequently  engorged.  Erthrophagocytosis  waa  seen  frequently.  The  lymphatic 
necrosis  was  generally  severe;  at  times,  the  spleen  in  Its  severely  depopu¬ 
lated  state  would  take  on  the  appearance  of  a  "bag  of  bacilli’*  with  masses  of 
bacillary  forms  enclosed  by  the  splenic  capsule.  Bacilli  in  veaaala  wore 
frequently  observed  (Figure  2A). 

Respiratory  Tract:  Edema  of  the  larynx  and  trachea  waa  seen  In  two 
instances.  No  tracheal  or  bronchial  erosion  or  ulcer  waa  seen.  Pulmonary 
changes  that  may  well  be  expected  in  a  fatal  baeterearta,  i.a.  foci  of  edema 
and  hemorrhage,  were  seen.  Patchy  inflaaamtory  infiltrates  chiefly  monocytic 
were  also  frequently  observed. 

Bacilli  were  often  seen  in  the  alveolar  capillaries  and  larger  bleed 
vessels  and  book  times  free  in  the  alveolar  apaees,  singly  or  in  clusters. 
Pulmonary  macrophages  or  histiocytes  were  also  observed  lying  free  in 
alveolar  spaces. 

The  principal  pulmonary  lesion  waa  described  grossly  as  a  discrete  "hemor- 
hagle  parasitic  nodule.1*  Histologically,  it  may  be  described  es  fellows:  the 
alts  waa  the  bronchiole  parasitized  by  the  lung  mite  (Figure  7).  The  mite 
itself  waa  seen  on  several  occasions  in  the  lumen  of  the  dilated  bronchiole 
(Figure  10).  At  other  times,  although  the  mite  itself  wae  not  seen,  the 
characteristic  pigment  and  lymphoid  and  muscular  hypertrophy  were  amp  la  avldenca 
of  its  presence  (Figure  7). 

The  bronchiole  frequently  waa  tremendously  dllatad  and  the  epithelial 
lining  was  flattened  to  such  an  extent  that  it  leoked  like  endothelium 
(Figures  7,  11  and  13).  Sometimes  the  lumen  of  this  dilated  bronchiole  wae 
filled  with  homogeneous,  eosinophilic,  acellular,  granular  material  that  may 
have  been  sene,  or  lymph  (Figures  7,  10  and  11).  Strands  of  fibrin  travarsed 
this  material.  At  the  periphery  of  the  lumen  there  waa  frequently  a  pseudo¬ 
membranous-  1 ike  structure  of  a  homogeneous,  fibrinous,  acellular,  hyaline- like 
eosinophilic  material  (Figures  7,  10  and  11).  In  earns  places  this  fibrinous 
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material  appeared  to  actually  replace  the  bronehlolar  epithelium,  and  In  fact 
the  vail  (Figure  11).  At  these  points  the  architectural  integrity  of  the 
bronehlolar  vail  aaesad  to  be  completely  obliterated.  At  other  point*,  there 
appeared  to  be  focal  disintegration  or  ulceration  of  the  vail  vith  a  "break¬ 
through"  of  thla  hyaline  fibrinous  Material.  Several  such  "ulcer*"  of  the 
bronehlolar  valla  vara  seen. 

The  normal  lxsaedlate  peribronchiolar  hiatologlc  architecture  vaa  completely 
disrupted  by  the  following:  (1)  a  tremendous  influx  of  neutrophils  and  some 
eosinophil*.,  even  into  the  lymphoid  aggregates  (Figure  12)}  (2)  necrosis  of  the 
hypertrophied  lymphoid  aggregates;  (3)  clusters  of  bacilli,  in  and  outside  the 
blood  vessels  (Figure  13);  (4)  clumps  of  fibrin  (Figure  14);  and  (5)  hemorrhage 
and  necrosis  of  blood  vessel  malls,  the  necrotlxlng  vasculitis  previously 
mentioned.  At  times  this  Intense  inf lasnatOTy,  necrotlxlng,  and  hemorrhagic 
process  of  the  ioaedlate  peribronchiolar  elements  vaa  ao  intimately  associated 
vith  necrosis  of  the  bronehlolar  vail  that  It  vaa  impossible  to  separate  the 
tvo. 


In  the  periphery  of  this  lesion,  the  alveoli  contained  blood,  edema  fluid, 
and  some  fibrin  in  decreasing  intensity.  The  lesion  vaa  limited  at  its  outer 
periphery,  but  there  vea  no  evidence  of  e  capsule  or  vail. 

Mediastinum:  The  loose  connective  tissues  surrounding  the  large  vessels, 
the  trachea  and  main  bronchi,  and  the  lntrathoracle  lymph  nodes  vere  at  times 
infiltrated  with  granular,  noncellular,  eosinophilic  material,  some  hemorrhage 
and  a  heterogeneous  population  of  inflammatory  cells,  neutrophils*  eosinophils 
and  macrophages  (Figures  19,  20  and  21).  Thla  leaion,  except  in  the  one  ln~ 
stance  previously  noted  (Monkey  No.  927)  vae  minimal  and  corresponded  to  the 
grossly  observed  lesion.  The  lesions  vere  most  Intense  around  the  lntrethoracic 
nodes,  vhich  frequently  vere  the  site  of  messive  necrosis  and  hemorrhage.  Thus, 
for  the  purpoae  of  thla  report,  mediastlnltis  may  he  defined  as  edema  and  minimal 
hemorrhage  of  the  mediastinal  tissues,  accompanied  by,  SMI  probably  secondary  to, 
hemorrhage  and  necrosis  of  the  lntrathoracle  lymph  nodes. 

Central  Nervous  System:  The  hemorrhagic  meningitis,  previously  described  in 
"B.  Gross  Pathology,"  vaa  characterised  by  hemorrhage,  masses  of  bacilli  in  and 
outside  of  blood  vessels,  and  a  marked  neutrophilic  and  monocytic  infiltration 
into  the  meninges  (Figure  25).  A  concomitant  leaion  in  the  severe  cases  vaa  the 
necrotlxlng  lesion  of  the  blood  vessels  previously  mentioned  (Figure  26). 
Occasionally  these  vessels  vere  "cuffed'  by  bacilli. 

No  lesions  vere  observed  in  the  brain  sections  except  for  occasional,  un¬ 
impressive  ,  small  perivascular  hemorrhages  in  the  cerebral  coTtex. 

Liver:  The  lesions  in  this  organ  vere  identical  vith  those  seen  in  the 
inoculation  infection  in  this  host.  Varying  degrees  of  hepatocellular  degen¬ 
eration  and  necrosla  vere  observed.  Necrosis  vas  focal  and  patchy,  involving 
suall  groups  of  hepatic  cells  (Figure  23).  Massive  necrosis  vas  not  seen. 

Large  numbers  of  bacilli  vere  frequently  observed  in  the  sinusoids. 
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Endocrine  Organ*:  Aa  in  the  intradermal  Infection,  the  adrenal  waa  the 
only  gland  frequently  involved.  The  lesions  were  similar  in  that  they  were 
focal,  singular  or  multiple,  cortical  hemorrhages  with  er  without  eoncoaitant 
necrosis  (Figure  22).  Clusters  of  bacilli  were  present  in  the  areas  of 
cortical  necrosis. 

Thyaua;  This  organ  was  consistently  spared  as  in  the  lntradermal 
infection. 

Genitourinary  Tract;  Significant  lesions  were  observed  only  in  the 
kidneys,  as  in  the  inoculation  infection.-  In  fours Instances /degenerative 
changes  of  tubular  epithelium  and  tubular  easts  ware*- seen.  Casts  with  various 
characteristics  were  observed:  amorphous ,  lightly  basophilic,  and  proteinaceous; 
dull  and  hyaline-like;  granular  and  brightly  eosinophilic;  and  brightly 
eosinophilic,  which  looked  like  hemoglobin  casts. (Figure* 29) U  The  easts  wore 
observed  primarily  in  distal  convoluted  and  collecting  tubules..  In  two  in¬ 
stances  the  tubular  epithelluo  throughout  the  cortex  contained  coarse  eosino¬ 
philic  granules  or  droplets  (Figure  28)  which  varied' in  else.  In  one  animal, 
presented  an  aerosol  dose  of  10b  spores  and  dying  on  day  4  after  exposure 
(Monkey  No.  949),  numerous  bright  eosinophilic  casts  ' resembling  hemoglobin 
were  observed  in  the  loops  of  Henle  and  the  distal  convoluted  tubules  in  the 
cortex  (Figure  29).  Most  of  these  tubules  were  also  dilated  and  were  lined 
by  flattened  epithelium.  Many  of  the  collecting  tubules  in  the  medulla  con¬ 
tained  brightly  eosinophilic  and  coarsely  granular  casts,  as  previously 
mentioned.  The  tubular  epithelium  in  this  case,  -both  cortical  and  medullary, 
was  generally  Intact,  so  that  M lower  nephron  nephrosis*  could  not  be  seriously 
considered  as  a  histologic  diagnosis. 

In  the  four  cases  with  renal  changes,  casts  were  the  principal  lesion, 
the  changes  in  tubular  epithelium  being  relatively  mild;  large  mashers  of 
bacilli  were  present  in  the  glomeruli  and  vessels.  Focal  cortical  necrosis 
was  rarely  seen,  and  when  seen  did  not  involve  glomeruli. 

Bone  Marrow:  Focal  necrosis  was  observed  in  the  marrow  of  many  animals. 
There  was  no  generalised  necrosis  or  significant  myeloid  depletion.  Varying 
numbers  of  bacilli  were  recognized. 

Cardiovascular  System:  Myocardial  and  subendocardial  hemorrhages  were 
seen  in  a  few  animals;  in  one  instance  there  was  aeeoapanying  focal  necrosis. 

Many  of  the  capillaries  and  smaller  blood  vessels  sppesred  to  be  virtuslly 
occluded  with  masses  of  bacilli.  The  principal  vascularr lesion  has  slresdy 
been  mentioned  end  is  described  fully  elsewherec'.  In  brief,  it  is  essentially 
a  necrotizing  lesion  of  the  walls  of  the  small  to  medium  sized  vessels  unac¬ 
companied  by  Intravascular  thraebi  er  emboli  (Figures  26,  27).  The  integrity 
of  the  vessel  walls  is  completely  destroyed  and  the  wells  appear  as  rings  of 
nen-cellular,  amorphous,  eosinophilic  material  in  which  no  cellular  detail  can 
be  recognized.  These  damaged  vessels  were  always  seen  in  areas  of  marked 
hemorrhage  and  necrosis,  containing  masses  of  bacilli,  snd  were  most  prominent 
in  the  meninges  and  in  lymph  nodes.  Although  there  may  have  been  leukocytic 
infiltration  into  the  site  of  hemorrhage  and  necrosis,  there  was  none  into 
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thee*  mail  wall*.  Kot  *11  vessels  wire  ••  Involved.  Social  stein*  t*  dcwra- 
•tr*C*  t ha  elastics  disclosed  that  even  this  structure  did  not  escape  th*  sever* 
necrotleing  pxocass,  Th*  vails  #f  th*  smaller  vassals  at  time*  appeared  thicker 
than  normal,  and  thalr  outlines  vara  fussy  rather  than  sharp. 

Gastrointestinal  Tract:  As  la  the  inoculation  group,  most  of  these  snivels 
had  lesions  of  oasophagostamiasis.  These  lesion*  as  described  by  Rue hi'  are 
granulomatous  lesions  In  the  vail  of  th*  large  Intestine  or  In  the  sesentery. 
Nematodes  of  th*  Strongyloidaa  ganus  vara  also  frequently  found  In  the  mucosa 
accompanied  by  aosinophlllc  Infiltration*  and  occasionally  by  superficial  ulcer* 
at ion  of  the  voces*.  Occasionally  bacilli  vara  associated  with  these  lesion*. 

la  on*  monkey  (Mo.  676),  presented  with  an  aerosol  dose  of  50,000  spores 
and  dead  on  day  7 ,  there  was  an  ulcer  in  the  large  latestln*  with,  an  associated 
intents  neutrophilic  infiltration  and  a  large ■  nass  of  baallll  in  tha  lesion. 

The  vucosa  was  coopletely  denuded,  the  suaculerls  nuceae  ruptured,  and  th* 
cellular  infiltrate  extended  into  tha  aubnucosa.  Largs  numbers  of  bacilli  were 
present  in  the  mucosa  adjacent  to  the  ulcer,  bo  parasite  was  found  associated 
with  this  ulcer,  A  gastric  ulcer  was  also  soon  in  one  snivel  (Monkey  Ho.  774) 
that  was  exposed  to  an  aerosol  of  13,000  spores  and  died  an  day  6  with  mtdla- 
stlnltia,  hydrothorax,  and  severe  hemorrhagic  meningitis. 

IV.  DtSCPSSIOM 

Tha  basic  nature  of  tha  lesions  scan  and  studied  in  this  aeries  ef  animals 
was  no  different  from  that  seen  la  tha  terminal,  intradaxmally  Inoculated 
snivels!' .  Edema,  hemorrhage,  send  necrosis,  with  varying  degrees  of  leukocytic 
response  In  different  tissues,  wots  the  cardinal  pathologic  lesions  in  both 
groups  of  animals.  Necrosis  of  lymphatic  tissues,  liver,  adrenals,  asd  blood 
vessel  welle,  end  occasionally  focal  necrosis  of  other  tissues,  such  as  renal, 
were  observed  in  both  groups.  Hemarrheges  were  prominent  in  the  lungs,  lymphatic 
tissues,  and  adrenals  in  both  groups,  particularly  1m  those  spleens  and  lymph 
nodes  which  were  severely  depopulated  and  were  virtually  "bags  of  bacilli**  with 
only  tha  structural  framework  revaluing.  The  lesion  of  necrotizing  vasculitis 
was  seen  la  these  nodes.  Hemorrhagic  meningitis,  accevp axled  by  an  Intense 
leukocytic  response  and  necrosis  ef  vessel  walle,  occurred  rarely  In  intra- 
dervally  infected  snivels!' .  This  lesion  complex  was  observed  much  more 
frequently  la  the  respiratory  aeries  ef  animals  as  seen  in  Tabla  1. 

Massive  cellulitis  developing  at  the  site  of  inoculation  la  tha  ixtradermal 
animals  was  miss  lag  la  this  group.  Instead  there  was  "cellulitis"  of  th*  media- 
stinum. 

The  lnt rather acic  lymphadenopathy-mediastinitls-meningitis  complex  ef  lesions 
observed  la  this  group  of  animals  was  Observed  and  beautifully  described  by 
Greenfields'  in  bis  report  on  Woolsorter's  Disease  in  am  in  1881.  At  this  time 
Greenfield  established  that  Voolserter1  s  Disease  was  s  form  of  anthrax  blood 
poisoning  and  that  "mediastinal  cellulitis"  in  this  d.  sense  may  be  secondary  to 
an  "intense  lymphadenitis  and  hemorrhage  of  th*  bronchial  glands."  In  these 
same  studies  he  described  hydrothorax,  as  observed  in  these  animals.  HO  further 
stated  that  "the  virus  entered  at  same  point  in  th*  neighborhood  of  the  media¬ 
stinal  glands  or  draining  through  them  by  its  lymphatics,"  Fraenkel!!'  also 
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FIGURE  7  ACC  665-*LUNG  MITE  -  ANTHRAX*  LESION  -  DILATES  BRONCHIOLE 

FILLED  WITH  FIBRIN-CONTAINING  SERUM  OR  LYMPH  CA),  UNED  BY 
A  PSEUDOMEMBRANE  (B),  PERIBRONCHIOLAR  LYMPHOID  ELEMENTS 
ALTERED  BY  EDEMA  ft  HEMORRHAGE  WHICH  EXTENDS  INTO  THE 
PULMONARY  PARENCHYMA  <C)  X2S. 

FIGURE  S.  ACC  662  -  “LUNG  MITE -ANTHRAX*  LESION  WITH  MITE  (A)  IN  OILATED 

BRONCHIOLE.  S  WITH  CONSIDERABLE  HEMORRHAGE  INTO  PERIBRONCHIAL 
LYMPHATIC  ELEMENTS  (B).  X 23 


FIGURE  9.  ACC  8®4-*LUNG  MITE -ANTHRAX*  LESIONS  (A)  WITH  UCMT  CENTER 
9  DARK  PERIPHERY.  »  “NORMAL"  MITE  LESION  (B). 

FIGURE  10  ACC  M4  -  SAME  LESION  -  01 LATEO  BRONCHIOLE  CONTAINING  LYMPH 

OR  SERUM  WITH  FIBRIN  (A),  THE  PARASITE  (8),  THE  PStUOOUCMMWg 
UNING  THE  WALL  OF  THE  BRONCHIOLE  <C),  S  LYMPHOID  ELEMENTS, 
ALTERED  BY  EDEMA,  FIBRIN,  S  HEMORRHAGE  (D).  X29. 
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figure  ii. 

figure  iz 

FIGURE  13. 
FIGURE  14 


ACC.  #63  -*LUNC  MITE  -ANTHRAX'  LESION  -  LACK  OF  EPITHELIAL  LINING  OF 
BRONCMIOLAR  WALL,  fc  THE  PSEUDOMEMBRANE  IN  PLACE  OF  IT;  LEUKOCYTIC 
INFILTRATION  4  HEMORRHAGE  IN  PERIBRONCHIOLAR  LYMPHATICS.  X0O 
ACC  S63  -  SAME  LESION  -  NEUTROPHILIC  INFILTRATION  INTO  PERIBRONCHIOLAR 
LYMPHATIC  ELEMENTS  4  DILATED  LYMPHATIC  VESSELS.  XSOO. 

ACC  8#S  -  SAME  LESION  -  MASSES  OF  BACILLI  4  SOME  HEMORRHAGE.  X200 
ACC.  S#S- SAME  LESION  -  MASSES  OF  FIBRIN  4  CELLULAR  INFILTRATE.  X200. 
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14  wm/sour^r1  N0DC  *MAR*eD  <*  lymphatic  elemi 
with  some  fibrin.  x»o. 

*  ACC  “^-'-vmph  node -minimal  hemorrhage.  masses  of  r. 

J^RE  7  ACC.  884  -  LYMPH  NODE  -  MASSES  OF  BACILU. 

“  *CC  893 “«-YMPH  NODE -PHAGOCYTOSIS  OF  BACILU.  *»». 


EDEMA 
XI  BO. 


r,GUWt  IB.  ACC.  BBS -MEDIASTINUM. 

10)  TRAC  MCA,  X60. 

nou*»c  ao.  acc  #*5-  mediastinum 
FIGURE  21  ACC.  S9T  *  MEDIASTINUM. 


COCOA  (A),  HEMORRHAGE  <B),  E  FIBRIN  (C) 
EDEMA.  FIBRIN,  E  HEMORRHAGE.  X200. 

more  hemorrhage  than  IN  PREVIOUS  lesion. 
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FIGURE  22.  ACC.  *7  -  ADRENAL.  HEMORRHAGE  1  NECROS'S.  XSO. 

F«uR£  23.  ACC.  753 -Live A.  FOCAL  NECROSIS  WITH  MILO  CELLULAR  REACTION.  *90 
FIGURE  84.  ACC.  917 -SPLEEN  SEVERE  DEPOPULATION  &  MASSES  Of  BACILLI.  XI70 
FIGURE  2A  ACC  684 -BRAIN.  HEMORRMACIC  MENINGITIS.  XSO 
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rtcuw  2ft  ACC  994- MENINGES.  NECROTIZING  VASCULITIS  WITH  BACILLARY  CUFFING. 
5,4,0 

FIGURE  2T.  ACC.  eSS- LYMPH  NODE  NECROTIZING  VASCULITIS.  XI90. 

FICURE  2ft  ACC  939  -  HlONEY  HYALINE  DROPLETS  IN  EPITHELIAL  CYTOPLASM.  X5  0. 
FIGURE  29.  ACC.  942 -  KIDNEY.  HEMOGL06IN-UKE  CASTS  IN  DISTAL  CONVOLUTED 
TUBULES  l  LOOPS.  X94. 
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examined  a  number  of  ease*  of  Wool  sorter' a  disease  ajd  deacribed  a  laalor.  In 
the  walls  of  the  trachea  or  bronchus  similar  to  the  typical  "pustule.” 


Albrinki^/  In  his  report  on  human  Inhalation  anthrax  observed  hemorrhagic 
medlastlnitls  In  2  of  3  patients,  but  failed  to  find  any  tracheal  or  bronchial 
ulcerations  or  any  primary  anthrax  pneumonia:  he  also  described  hydrothorax. 
Young  et  al*' .  Barnea-t',  Rossi' ,  and  Albrinki'  in  recent  years  failed  to  find 
any  evidence  of  primary  anthrax  lesions  in  the  trachea  or  bronchi  in  experi¬ 
mental  animals  thus  rendering  further  support  to  the  concept  of  ZppingerAl' 
that  spores  in  the  normal  animal  are  carried  away  from  the  lover  reaches  of 
the  lung  via  the  lymphatics.  Rossi'  demonstrated  in  guinea  pigs  that  spores 
are  transported  in  mscrophages  via  lymphatica  to  the  regional  lymph  nodes, 
that  la,  the  hilar  and  tracheobronchial  lymph  nodes  where  germination  end 
multiplication  of  bacilli  resulted  in  lesions  similar  to  those  described  hare. 
The  failure  to  find  "primary"  lesions  in  the  air  passages  of  some  of  these 
animals,  therefore,  la  not  considered  bizarre. 


The  observation  that  there  may  b«  minimal  intrathoraclc  lymph  nod*  de¬ 
struction,  although  bacteremia  and  marked  aplenii  destruction  exist,  is  Indeed 
surprising  and  intriguing.  Albrlnfcl^'  reported  th«  same  observation  in  hla 
series  of  cases  of  human  inhalation  anthrax.  This  observation  could  be 
explained  by  a  blood-borne  dissemination  directly  from  the  lunga.  A1 brink 
postulated  that  "apores  could  lodge  in  a  focus  primarily  ulcerated  by  an  unre¬ 
lated  injurious  agent  and  thus  establish  a  super infect ion  with  JJ.  anthracic." 
Presumably  then,  direct  blood  dissemination  of  bacilli  could  occur.  Young 
et,  Jllr  quote  the  work  of  Velu  who  concluded  that  while  it  was  difficult  to 
Infect  experimental  animals  with  apores  alone  via  the  respiratory  tract, 
"anthrax  infection  of  the  lung''  was  easily  established  after  tha  lung  had 
been  damaged  by  inhalation  of  chlorine  gas. 


The  group  of  animals  considered  here  does  have  built-in  pre-existing 
damage  due  to  the  lung  mite;  the  hemorrhagic  nodules  already  deacribed  are 
believed  to  represent  anthrax  superlnfectlon  of  these  pre-existing  lesions. 

It  appears  feasible  that  in  some  Instances  the  primary  infection  and  multi¬ 
plication  occur  in  the  hypertrophied  lymphoid  element*  of  tha  parasite- 
infected  and  Injured  bronchioles.  Dissemination  than  can  have  occurred 
directly  via  the  blood  stream,  bypassing  in  part  tha  draining  mediastinal 
lymph  nodes,  but  resulting  in  massive  destruction  of  tha  spleen  as  a  result 
of  the  large  numbers  of  organisms  present  in  that  organ  and  a  terminal 
massive  bacteremia.  Frank  ulceration  of  tha  involved  bronchiolar  wall  in 
these  lesions  was  observed.  This  lesion  has  been  described  for  coding 
purposes  as  a  "parasitic  bronchiolitis  with  bronchiectasis  and  a  necrotizing 
superlnfectlon  with  B.  anthracis." 

This  is  considered  e  lesion  of  special  significance  in  the  etiology  end 
pathogenesis  of  respiratory  anthrax  infection  in  this  host,  and  laads  one 
to  wonder  about  the  significance  of  pre-existing  lesions  in  lungs  in  certain 
cases  of  human  inhalation  anthrax.  A  predilection  of  B.  «nthragls  for  pre¬ 
existing  lesions  has  been  observed^'  in  lesions  of  oesophagostomlesls  in  the 
monkey  end  caseous  lymphadenitis  in  sheep.  A  caseous  prescapular  lymph  node 
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was  the  only  site  from  which  B.  anthracla  was  isolated  upon  sacrifice  of  a 
lamb  following  spontaneous  recovery,  in  spite  of  a  demonstrated  bacteremia!!' . 

Hemorrhagic  meningitis  in  respiratory  anthrax  has  bean  described  in  human 
cases  by  numerous  authors^.* V^xV^ji^V. 

Covderyi£/  has  described  a  case  of  "pulmonary  anthrax"  in  man  with  bacilli- 
containing  ulcers  in  the  gastrointestinal  tract.  Only  one  intestinal  ulcer  and 
one  gastric  ulcer  were  observed  in  our  group  of  animals.  Several  such  lesions 
were  observed  in  a  group  of  monkeys  receiving  B.  anthracla  challenge  by  the 
respiratory  route  which  were  subsequently  treated  with  antibiotics  to  alter  the 
course  of  the  disease!!'.  The  pathogenesis  of  this  lesion  in  the  monkey  is  not 
difficult  to  comprehend  in  view  of  the  high  Incidence  of  Strong/loides  infection 
in  these  animals,  with  resulting  injury  of  the  mucosa. 

V.  SUMMARY 

The  pathologic  picture  of  respiratory  anthrax  in  unmodified  M.  mulatta  has 
been  described  and  compared  to  that  seen  in  this  host  infected  lntradermally. 

The  basic  nature  of  the  lesions  la  the  same  in  both  groups  of  animals,  in  that 
they  are  primarily  hemorrhagic  and  necrotizing.  The  distribution  of  lesions 
was  somewhat  different;  in  the  respiratory  group  there  was  high  incidence  of 
mediastlnltls  in  lieu  of  the  cellulitis  seen  in  lntradermally  infected  animals. 
Associated  with  this  mndiastlnitis  there  was  also  a  high  incidence  of  hemor¬ 
rhagic  meningitis,  hemorrhagic  pulmonary  lesions  and  intrathoraclc  lyraphadenc- 
pathy.  The  incidence  of  some  of  the  lesions  described  appeared  to  be  dose- 
dependent. 

The  significance  of  the  lung  mite  lesions  in  the  pathogenesis  of  respiratory 
anthrax  in  this  host  was  discussed,  and  the  predilection  of  B.  anthracla  for 
pre-existing  lesions  was  brought  out.  The  possibility  of  direct  blood  dissemi¬ 
nation  of  the  organism  from  a  " super-infectioi/’  of  a  pre-existing  lung  lesion, 
bypassing  the  draining  lymph  nodes,  was  discussed. 
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STUDIES  ON  BACILLUS  ANTHRACIS 
PART  5 


PATHOGENESIS  OP  RESPIRATORY  ANTHRAX  IN  MACACA  MULATTA.  SERIALLY  SACRIFICED 
(Berdjls,  Glelser,  Hartman,  Kuehne  and  Gochenour) 

I ..  INTRODUCTION 


Previous  reports  have  endeavored  to  describe  the  histopathology  and  path¬ 
ogenesis  of  anthrax  in  Mapaca  mulatta  monkeys  challenged  by  the  intradermaLl/ 
and  respiratory  routes^' * 

Literature  gives  many  references  of  respiratory  anthrax  in  experimental 
animals-^*?/  and  in  man?-— -V ,  in  which  attempts  were  made  to  determine  the  site 
of  germination  of  Bacillus  anthracia  spores  and  establish  the  route  of  dissem¬ 
ination.  The  pathogenesis  of  this  infection  is  still  obscure. 


This  paper  presents  additional  data  obtained  by  serial  sacrifice  in  an 
attempt  to  clarify  this  situation  and. to  detect  the  initial  lesion  responsible 
for  respiratory  anthrax  before  overwhelming  septicemia  is  established. 


II.  MATERIALS  AND  METHODS 

Twenty- two  young,  immature,  healthy  M.  mulatta  monkeys  were  used  in  these 
experiments. 

Two  respiratory  exposures  were  made  with  a  modified  Henderson  dynamic 
aerosol  generating  device.  Two  animals  were  exposed  simultaneously  to  each 
cloud  generated.  Concentration  and  virulence  6f  the  spore  suspension  aerosol¬ 
ized  were  determined  by  plate  counts  on  nutrient  agar  and  subcutaneous  titra¬ 
tion  in  guinea  pigs.  The  spore  suspension  used  was  Vollum-189  strain  of  B. 
anthranls,  stored  in  a  concentration  of  5  x  10*°  spores/ml  at  5*C.  The  appro¬ 
priate  dilutions  of  this  material  were  heat-shocked  43  hours  prior  to  use.. 
Rfcspiratory  doses  presented  were  estimated  by  assa/  of  impinger  recoveries  for 
each  exposure  port. 

In  the  first  experiment  14  monkeys  were  exposed  to  seven  clouds  which  con¬ 
tained  presented  doses  of  approximately  2  x  10*  spores  (Low  Dose).  Temperatures 
were  taken  twice  a  day  and  roentgenograms  were  obtained  daily  using  a  1  MEV 
machine.  Two  monkeys  were  sacrificed  per  day,  days  1  through  6,  except  day  3 
which  had  four  animals.  At  autopsy  quantitative  bacteriology  was  done  on  hilar 
and  tracheobronchial  lynph  nodes,  lung,  spleen  and  blood.  Blood  was  also  in¬ 
oculated  into  diphasic  media. 

In  the  second  experiment  eight  monkeys  were  exposed  to  four  clouds  which 
contained  presented  doses  of  approximately  2  x  106  spores  (High  Dose).  Temp¬ 
eratures  and  x-rays  were  obtained  daily.  Two  monkeys  were  sacrificed  per  day 
for  three  days  starting  on  day  1.  Blood  cultures  were  made  quantitatively  at 
time  of  sacrifice.  Two  died  on  day  2  of  anthrax;  they  are  not  included. 
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All  animals  were  autopsled  routinely  and  representative  sections  of  every 
organ  were  fixed  in  10  per  cent  formalin.  Routine  histologic  procedures  were 
used.  Hematoxylin  and  eoain  (H&S)  stain  was  regularly  employed.  Periodic  acid 
Schlff  (PASXii*/,  with  and  without  diastase  digestion,  and  Brown  and  Brenn  (B&B), 
for  bacilli,  were  used  frequently.  A  modified  acid-fast  stain,  after  Rossi/, 
and  a  modified  Weigert's  stain  were  also  employed  for  detection  of  spores  in 
tissue  sections.  Blood  smears  were  also  examined  at  time  of  autopsy. 

Technique  for  lung  examination.  Both  lungs  and  trachea  were  fixed  In  form¬ 
alin.  Bach  lung  was  then  sliced  by  transverse  sections  at  regular  Intervals. 

In  most  animals  every  slice  was  embedded  in  paraffin  for  microscopic  examina¬ 
tion;  in  the  others  only  representative  sections  were  so  handled.  In  order  to 
demonstrate  a  possible  solitary  lesion,  serial  sections  were  made  In  each  sus¬ 
picious  portion  and  every  fifth  to  tenth  section  was  examined. 

III.  RESULTS 


A.  CLINICAL  OBSERVATIONS 

No  specific  clinical  observations  were  noted  during  this  study  with  the  ex¬ 
ception  of  occasionally  slightly  elevated  temperatures  (Table  I).  Daily  roent¬ 
genograms  revealed  no  demonstrable  lesions  in  lungs  and  mediastinum.  Tables 
II  and  III  summarize  bacteriologlc  findings. 

B.  GROSS  PATHOLOGY 

A  summary  of  the  gross  changes  (Table  I)  suggests  a  dose-time-relationship 
In  experimental  respiratory  anthrax.  As  early  as  day  2,  lesions  were  found  in 
the  respiratory  system  and  its  tributary  lymph  nodes.  These  were  increased  in 
intensity  on  day  3.  At  the  High  Dose  there  were  no  animals  available  to  sacri¬ 
fice  on  day  A  so  findings  for  that  day  are  not  known.  At  this  Low  Dose  gross 
examination  revealed  no  consistent  changes  on  days  A  through  6. 

No  meningitis  or  substantial  mediastinitis  were  observed  in  these  animals 
differing  somewhat  from  the  observations  in  terminal  respiratory  anthrax^/. 

There  was  no  evidence  of  tracheal  or  bronchial  ulcers,  described  by  Fraenkeill/ 
as  the  site  of  inoculation  of  "primary  anthrax  lesion." 

Special  consideration  is  reserved  for  the  "pulmonary  mite  lesion,”  described 
by  Innes  e_t  alll/  and  noted  in  an  earlier  report^/  as  an  almost  constant  finding 
In  the  lungs  of  M.  mulatta.  In  connection  with  this  lesion,  "hemorrhagic  para¬ 
sitic  nodulerf'j*/"’ were  observed  on  day  3  in  both  Low  and  High  Dose  animals. 

C.  MICROSCOPIC  PATHOLOGY 

1.  Low  Dose 

Day  1  (2  monkeys): 

Lymphatic  System:  The  lymph  nodes  showed  minimal  edema  with  dilated 
lymph  channels  without  significant  isthologlc  changes.  The  architectural 
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TABLE  I.  MAXIMUM  TEMPERATURES  AND  GROSS  PATK0LOCY  OP  MONKEYS  INFECTED 
WITH  ANTHRAX  BY  THE  AEROSOL  ROUTS  AND  SERIALLY  SACRIFICED 


DAY 

Sacri¬ 

fice 

DOSE*/ 

MONKEY 

Acc. 

No. 

MAXIMUM 

TEMP.’F 

GROSS  PATHOLOGY 

Lymph*dsnepathyii^  Respiratory 

System 

Other 

Low 

912 

n if 

NRS/ 

NR 

NR 

913 

N 

NR 

NR 

NR 

1 

High 

893 

104.0 

NR 

MR 

NR 

894 

104.2 

NR 

NR 

NR 

Low 

914 

104.0 

Minimal 

NR 

Medlastlnltls, 

edema,  minimal 

915 

N 

Moderate 

Hemorrhage 

Medlastlnltls, 

o 

eddraa,  moderate 

A 

High 

896 

N 

Moderate 

NX 

Medlastlnltls, 

edema 

898 

N 

Minimal 

NR 

NR 

918 

104.0 

NR 

NR 

NR 

Low 

916 

105.2 

Minimal 

NR 

NR 

917 

105.4 

Minimal 

Hemorrhagic 

Adrenal  hemor- 

nodule 

rhage 

919 

104.2 

Minimal 

MR 

Adrenal  hemor- 

rhage 

High 

901 

N 

Minimal 

NR 

Meningeal  in- 

jectlon 

902 

104.2 

Mild 

Hemorrhagic 

Medlastlnltls, 

nodule 

edema 

4 

Low 

920 

104.4 

NR 

NR 

NR 

921 

N 

NR 

NR 

NR 

5 

Low 

922 

N 

NR 

Hemorrhage 

Medlastlnltls, 

edema,  minimal 

923 

N 

NR 

NR 

NR 

6 

Low 

924 

N 

NF. 

NR 

NR 

925 

104.4 

NR 

NR 

NR 

a.  Low  dose:  1 

x  105 

-  2  x  105; 

high  dose: 

1  x  10*  -  2  x  10*. 

b.  Hilar  and  tracheobronchial  nodes. 

c.  N:  Normal  temperature. 

d.  NR:  Not  remarkable. 
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TABLE  II.  RESULTS  OF  BACTERIOLOGIC  STUDIES  AT  AUTOPSY  OP  MONKEYS 
INFECTED  WITH  ANTHRAX:  LOW  DOSE 


DAY 

(Sacri¬ 

fice} 

KOHXSY 

Acc. 

No. 

CULTURE 

SMHAR 

Blood 

l?un&_ 

Hilar 

Lvwph  Node 

Tracheobronchial  Spleen 

Blood  Spleen 

1 

912 

■f 

m 

m 

m 

m  * 

913 

m 

+ 

• 

m 

m 

•  ■» 

2 

914 

•f 

♦ 

♦ 

♦ 

♦ 

•  m 

915 

♦ 

♦ 

♦ 

+ 

+ 

-  + 

3 

918 

m 

+ 

m 

m 

m 

*»  • 

916 

+ 

♦ 

♦ 

♦ 

+  ♦ 

917 

919 

+ 

4 

920 

+ 

+ 

+ 

+ 

+ 

•  - 

921 

m 

+ 

m 

* 

* 

m  m 

5 

922 

m 

+ 

+ 

m 

m 

m  • 

923 

m 

+ 

• 

m 

m 

m  m 

6 

924 

m 

+ 

m 

• 

m 

m  m 

925 

• 

+ 

m 

m 

m 

m  • 

TABLE  III.  RESULTS  OF  BACTERIOLOGIC  STUDIES  AT  AUTOPSY  OF 
MONKEYS  INFECTED  WITH  ANTHRAX:  HIGH  DOSE 


DAY  MONKEY  SMEAR 

(Sacrifice)  Acc.  No.  BLOOD  CULTURE  Blood  Spleen 


1 


893 

894 
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pattern  was  not  disturbed;  no  bacilli  were  detectable  within  the  parenchyma. 
Minimal  changea  were  found  In  occaalonal  lymph  nodes  especially  at  the  level 
of  germinal  centers,  with  no  clearcut  relationship  to  the  present  exparlmsntsl 
conditions.  Similarly,  the  spleen  showed  only  moderate  congestion  with  In¬ 
creased  cellular  debris  and  macrophages.  No  bacilli  were  detectable. 

Other  organs:  The  only  detectable  lesions  elsewhere  were  occasional 
small  localized  subpleural  hemorrhages,  perhaps  related  to  mite  lealona,  and 
congestion  of  the  orgsns.  No  bacilli  were  detectable.  Hepatic  cella  of  the 
centrolobular  portion  of  liver  were  rich  in  diastase-dlgsstlble  FAS-positive 
material  and  multiple  small  droplets  of  fat  (Figure  1);  no  other  morphologic 
changea  were  observed.  The  Xupffer  cells  shoved  minimal  non-glycogenic  FAS- 
positive  material. 

Day  2  (2  monkeys): 

Lymphatic  System:  All  lymph  nodes  shoved  some  edema  and  congestion 
with  fairly  well-preserved  architectural  pattern.  There  was  no  significant 
hemorrhage  or  necrosis.  Occaalonal  bacilli  ware  datactabla  only  in  tracheo¬ 
bronchial  lymph  nodes.  There  were  increased  numbers  of  macrophages  and  cell¬ 
ular  debris  with  apparent  erythrophagocytoals.  Soma  of  the  dilated  lymph 
channels  contained  homogeneous,  eosinophilic  pale  fluid  with  or  without  In¬ 
flammatory  cells,  but  no  bacilli.  In  the  spleen  the  architectural  fraamwork 
was  not  destroyed.  The  parenchyma  was  aiarkedly  congested;  there  war*  small 
foci  of  hemorrhage  in  Isolated  and  alightly  depleted  follicles.  Cellular 
debris  and  macrophages  were  moderately  increased.  Occasional  bacilli  ware 
visible  in  the  parenchyma. 

Respiratory  System:  These  animals  showed  no  pulmonary  lesions  attrib¬ 
utable  to  anthrax,  even  though  parasitic  lesions  were  prsssnt.  Minimal  edema, 
focal  extravasation,  and  a  few  macrophages  vers  found  with  the  alveoli.  No 
bacilli  were  detectable  in  multiple  sections  of  lungs. 

Liver:  Findings  were  similar  to  those  of  day  1.  No  bacilli  ware 
detectable. 

Other  organs:  Minimal  to  moderate  congestion  wss  noted.  All  wars 
devoid  of  bacilli. 

Day  3  (4  monkeys): 

Lymphatic  System:  All  stages  were  observed,  from  unharmed  lymph  nodes 
in  a  non- septicemic  animal  (Acc.  918)  to  partly  hemorrhagic  and  necrotic  nodes 
In  septicemic  monkeys  (Acc.  916  and  919).  The  tracheobronchial  and  hilar  nodes 
were  the  swat  severely  damaged.  In  another  septicemic  animal  (Acc.  917)  the 
architectural  pattern  shoved  no  disorder  nor  was  thers  lysis.  The  lymphatic 
tissue  and  lymph  channels,  although  dilated,  contained  very  few  bacilli  (Fig¬ 
ure  2).  This  observation  is  contrasted  with  the  presence  of  nesses  of  bacilli 
within  the  blood  vessels  in  splenic  parenchyma  ("bag  of  bacilli").  Spleens 
showed  none  to  marked  disorder  and  lysis. 
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EIGuRC  I  LIVE*  FAS  XSI  (A»  CONTROL  {ACC.  1078).  (B)  DAY  I  (ACC.  »I2) 

CET'OI  ^BUL AP  ORIENTATION  OP  NUMEROUS  DROPLETS  1  OUST -LIKE 
DIASTASE  r  CESTIBLE  PAS-POSlTlVE  MATERIAL  (DARK  SPOTS  OR  BLACK 
i-OTSI  .  ,U  DAY  2  (ACC  BIS)  INCREASED  ACCUMULATION  WITH  MORE 
ORIENTATION 
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TRACHEOBRONCHIAL  LYMPH  NOOC .  LOW  OOSE.  OAV  3  (ACC  «I7) 

(A)  FAIRLY  WELL-PRESERVED  ARCHITECTURAL  PATTERN;  NO  SIGNIFICANT 
HEMORRHAGE  OR  NECROSIS.  HIE  X33  (B)  A  (C)  SAME,  MANY  BACILLI 

IN  BLOOO  VESSELS  S  NONE  IN  LYMPH  CHANNELS  S  SU6CAP3ULAR 
SINUSES  BAB.  (B)  XUS  (Ci  X230 


Respiratory  System:  "Specific  pulmonary  lesions"— consisting  of  "sup¬ 
er  infee  tTon5,-oT~<mthrax_on  s  pre-existing  mite  lesion,  were  seen.  Those  lesions 
consisted  of  necrotizing  bronchiolitis  rich  in  bacilli  with  concomitant  bronch- 
lolectasis.  The  lumen  of  such  a  bronchiole  was  usually  enlarged  and  filled  with 
pale  pinkish  fluid  containing  numerous  bacilli  and  a  few  inflammatory  and  des¬ 
quamated  cells  (Figure  3C).  The  bronchlolar  space  also  contained  fibrin  strands 
and  a  thick  layer  of  hyalinized  and  necrotic  dense  material,  rich  in  bacilli. 

The  adjacent  pulmonary  parenchyma  revealed  edema,  hemorrhage,  varying  numbers 
of  bacilli  and  marked  Inflammatory  infiltrates  which  were  both  acute  (anthrax) 
and  chronic  (parasitic).  Remaining  lung  parenchyma  and  other  mite  lesions  were 
noncontributory  and  unremarkable,  even  when  the  bacilli  were  present  in  alveolar 
capillaries  (Figure  3. A,  B,  and  D). 

Other  organs:  In  two  of  four  animals  the  adrenal  glands  showed  focal 
hemorrhage  and  necrosis  with  congestion  of  the  cortex.  Other  organa  were  not 
involved.  The  hepatic  parenchyma  was  inconspicuous;  however,  a  PAS  stain  re¬ 
vealed  an  Increase  in  non-glycogenlc  material  in  prominent  Kupffer  cells.  These 
cells  contained  bacilli  (Figure  A).  A  fat  stain  revealed  fat  droplets  in  hep¬ 
atic  cells,  especially  in  the  centrolobular  portion. 

Day  A  (2  monkeys): 

Lymphatic  System:  Lymph  nodes  and  spleen  showed  minimal  edema  and  mod¬ 
erate  congestion  with  occasional  small  areas  of  hemorrhage.  No  necrosis  was 
detectable.  In  one  animal  occasional  bacilli  were  seen  in  some  lymph  nodes, 
none,  in  the  spleen. 

Respiratory  System:  Although  some  parasitic  lesions  were  present,  no 
significant  pathologic  changes  were  observed  in  lung  parenchyma.  No  bacilli 
were  seen. 

Other  organs  were  unremarkable  and  unmodified. 

Day  5  (2  monkeys): 

Multiple  foci  of  pulmonary  hemorrhage  in  one  animal  and  moderate  edema 
and  congestion  of  lymphoid  organs  were  the  only  findings.  No  bacilli  were  seen. 
Other  *organs  were  unmodified. 

Day  6  (2  monkeys): 

No  significant  pathologic  changes  attributable  to  anthrax  were  seen.  No 
bacilli  were  observed. 

2.  High  Dose 

Day  1  (2  monkeys): 

No  significant  pathologic  changes  nor  bacilli  were  seen  in  any  organ. 


figure  a 


UUNC.  LOW  DCU,  DAY  3.  (A)  COMMON  PULMONARY  MITE  u SION 
A^tAAINC  AS  CX WON  1C  BRONCHIOLITIS  UNAFFECTED  BY  ANTHRAX  EVEN 

«ACC  #1*)  HIE  X4B.  (B)  SAME,  SHOWING  NUMEROUS  BACILLI  m 
AUltOLAR  WALL  S  NONE  AT  EDCC  OF  RMASItT  LE^S  „ 

URRER  RIGHT  CORNER).  (ACC SIS)  BIB  *220. 

‘  “""w  •*onch<ol.t£  ^th 

a*c*  'MWCECTASIS;  marked  DESTRUCTION  OF  NEIGHBORING  „ 

BACLLARY  INVASION  (ACCSIB,  HIE  X4B  ^ 

neighboring  tosues  adjacent  to  Mirt  usioN  ,N  KMVEL* 

UNHARMED  ALVEOLAR  SYSTEM.  (ACC  BIB)  B 48  X2S3 
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FIGURE  4.  LIVEft,  LOW  DOSE,  DAY  3  lACC  #17),  PROMINENT  RUPFFER  CELLS 
PHAGOCYTIZING  NUMEROUS  BACILLI  S  EXHIBITING  MANY 
NONGLYOOGENIC  PAS-POSITIVE  R ARTICLES.  PAS  XS4B. 
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Dfiy  2  (2  monkeys): 

Lymphatic  System:  Lymph  nodes  were  damaged  slightly  more  than  those  of 
Low  Dose  animals.  Although  a  number  of  nodes  were  congested  and  edematous,  the 
architectural  pattern  was  well-preserved.  Occasionally  there  were  dilated  sin¬ 
uses,  increased  allular  debris  and  macrophages ,  and  varying  degrees  of  deple¬ 
tion,  especially  in  tracheobronchial  node3.  These  revealed  hemorrhage  and 
necrosis  with  numerous  bacilli.  The  architectural  pattern  of  the  splenic  par¬ 
enchyma  was  markedly  disturbed  by  diffuse  necrosis.  Most  of  the  follicles  were 
depopulated  and  exhibited  necrotic  centers  with  minimal  peripheral  hemorrhage. 
Bacilli  were  especially  numerous  in  the  necrotic  areas. 

Respiratory  System:  Necrotizing  ulcerative  bronchiolitis  ("specific 
pulmonary  lesion")  was  observed  in  one  animal  (Acc.  898).  Figure  5  illustrates 
this  finding  in  step  sections  at  four  levels.  The  neighboring  tissue  was  in¬ 
volved  and  disclosed  myriads  of  bacilli,  numerous  inflammatory  cells  and  dif¬ 
fuse  hemorrhage.  This  resulted  in  complete  destruction  of  underlying  par ■-'chyma 
within  the  focus  of  involvement.  Elsewhere  the  pulmonary  parenchyma  was  unre¬ 
markable. 


Liver:  Extensive  central  and  midzonal  early  hepatocellular  degenera¬ 
tion  and  marked  cloudy  swelling  were  seen.  No  frank  necrosis  or  hemorrhage 
were  present.  The  cloudy  swelling  was  accompanied  by  multiple  small  droplets 
of  fat,  especially  at  the  centrolobular  portion.  The  sinusoids  were  dilated 
and  contained  varying  numbers  of  bacilli.  Prominent  Kupffer  cells  also  con¬ 
tained  many  bacilli.  There  was  also  an  increase  in  the  FAS-positive  material 
in  the  Kupffer  cells. 

Other  organs:  Apart  from  small,  focal  hemorrhages  in  the  adrenal 
gland,  no  other  significant  pathologic  changes  were  seen. 

Day  3  (2  monkeys): 

Lymphatic  System:  Most  lymph  nodes  and  spleens  revealed  no  disturb¬ 
ance  of  architectural  pattern,  although  they  contained  bacilli.  V-’-ying  a- 
mounts  of  edema,  congestion,  erythrophagocytosis  and  cellular  debr  s  were  ob¬ 
served  in  all  lymph  nodes.  Only  the  tracheobronchial  nodes  revealed  moderate 
to  marked  destruction  of  parenchyma  by  hemorrhage  with  or  without  necrosis. 

Respiratory  System:  One  "Specific  pulmonary  lesiorf*  was  found  in  the 
lungs  of  each  animal. 

Liver:  There  was  a  moderate  amount  of  hepatocellular  degeneration 
and  cloudy  swelling,  accompanied  in  one  animal  by  small  foci  of  necrosis.  No 
bacilli  were  recognized  and  no  significant  inflammatory  response  was  observed. 
There  were  prominent  phagocytic  Kupffer  cells  containing  numerous  bacilli  and 
non-glycogenic  PAS-positlve  material. 

Other  organs:  Occasional  small  foci  of  necrosis  with  or  without  hemor¬ 
rhage  were  found  in  adrenal  gland  and  bone  marrow.  The  central  nervous  system 
showed  edema,  congestion,  and  an  early  meningeal  reaction.  . 

3.  Table  IV  summarizes  the  significant  microscopic  findings. 


1.  •' 


FIGURE  5.  LUNG,  HIGH  DOSE ,  DAY  2  IACC  688). 'SPECIFIC  PULMONARY  LESION"  (STEP 
SECTIONS).  HEE  X57  (A)  SMALL.  LOCALIZED  BRONCHIOLAR  ULCERATION; 

marked  peribronchial  inflammation  i  enlarged  lumen  containing 
fibrinous  material  i  desquamative  i  inflammatory  cells  with 

SOME  BACILLI  (B)  SECTION  20.  MORE  EXTENSIVE  NECROTIZING 
ULCERATION.  PROMINENT  INFLAMMATORY  REACTION  t  NUMEROUS  BACILLI; 
SECTION  OF  MITE  IN  LUMEN  (C)  SECTION  05 ;  MYRIADS  OF  BACILLI  IN 
LUMEN  0  PERIBRONCHIAL  AREA,  EPITHELIAL  LINING  ENTIRELY  DESTROYED 
BY  SUPERINFECTION  (D)  SECTION  00:  MORE  DESTRUCTION  t  MORE 
EXTENSION  SEVERAL  ALVEOLAR  BRONCHIOLES  ARE  INTERCOMMUNICATING; 
ALL  CC  ALLY  DAMAGED 


TABLE  IV.  SUMMARY  OF  MICROSCOPIC  PATHOLOGY  OF  SERIALLY  SACRIFICED  MONKEYS  INFECTED  WITH 
ANTHRAX  BY  THE  RESPIRATORY  ROUTE 


123 


i  +  + 


I  ■ H  + 


g  +  + 


i  + 


2  3  +  + 
«s  a  ^ 

O  -H 
O  C 

Ex  I  + 

a 


+  +  + 

+  +  + 

■h  +  + 
-h  +  + 

•  +  ♦ 
»»s 

•  +  + 

HNfl 


•e  e 
S*  v 
p  "O 
o 

►4  85 


I  +  + 

«  +  -f 


•  +  + 

•  «  + 


I  +  > 
y\ 

•  +  + 

■H  +  + 

•H  +1  + 

■H  +  + 
-H  +  + 

•  +  + 
t  v  + 


e 

4) 

V 

H 

Q. 

C/5 


•  I  4t 

I  I  4f 


•  •  + 

I  t  I 


U 

4  C 
-*  O 
3  -4 


— *  4 
4  (4 
CJ  GJ 
O  C 

u  CU 

4  00 
o.  o 

CU  T3 


I  4 

•  +; 


4 

4 


•H  4  4 
i  4f  4 


l  4  l 

•  I  4 

h  n  n 


u 

0) 

> 


I  •  I 

I  I  t 

•  4  4 

/■s 

•  4  4 


l  4  4 

•  4  4 


l  l  « 

I  I  I 

•  4  4 

•  •  4 


£ 

■o 

< 


m  ja  u  -a 


The  findings  on  days  4,  5  &  6  are  Inconsistent  and  Inconclusive. 
L  «  low  doses;  H  ■  high  doses. 

(  )  ■  focal. 

Necrotizing  &  ulcerative  bronchiolitis  with  bronchlolectasls. 
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IV.  DISCUSSION 

The  findings  for  day  1,  both  for  High  and  Low  Boses,  were  inconstant. 

Whether  the  changes,  such  as  increased  cellular  debris,  minimal  hemorrhage,  and 
necrosis  of  an  occasional  lymph  node,  were  due  to  experimental  anthrax  could 
not  be  proved.  There  was  an  accumulation  of  PAS-positive  material  and  fat  par¬ 
ticles  in  liver  with  a  centrolobular  orientation.  Inasmuch-  as  bacilli  were  not 
demonstrable  and  blood  cultures  were  negative,  it  was  not  -clear  whether  these 
changes  were  related  to  anthrax  Infection.  This  TAS-posltivity,  fat  accumula¬ 
tion  nnd  hepatocellular  degeneration,  even  with  no  bacilli  detectable,  warrants 
further  investigation. 

The  first  overt  anthrax  lesion  appeared  in  the  lung  on  day  2  in  High  Dose 
monkeys,  with  nothing  significant  at  Low  Dose.  Despite  positive  blood  cultures 
in  both  groups,  no  bacilli  were  seen  in  lungs  of  Low  Dose  monkeys  and  only  a  few 
in  tracheobronchial  lymph  nodes.  In  High  Dose  animals  bacilli  were  conspicuous 
and  numerous  at  these  sites.  One  is  thus  forced  to  conclude  that  entry  of  B. 
anthracis  into  the  hlood  stream  may  precede  the  appearance  of  any  recognizable 
lesion  in  monkey  lungs. 

Yet  M.  mulatta  frequently  does  develop  a  lesion  in  pulmonary  parenchyma,  a 
necrotizing  bronchiolitis  superinfecting  on  a  pre-existing  parasitic  involvement 
Selected  step  sections  of  suspicious  areas  of  lung  revealed  only  one  such  lesion 
rich  in  bacilli;  all  the  others  were  virtually  devoid  of  organisms  although  the 
animal  was  septicemic.  This  combination  strongly  suggests  that  the  lesion  was 
the  result  of  organisms  being  Implanted  directly  by  Inhalation,  followed  by 
germination  and  multiplication. 

These  two  observations  can  be  reconciled  at  the  present  time  only  by  assum¬ 
ing  that  organisms  can  reach  the  hilar  nodes  and/or  the  blood  stream  from  the 
monkey  lung  in  a  manner  comparable  to  that  described  by  Ros&Z/  for  the  guinea 
pig.  The  present  studies  do  not  confirm  or  deny  the  existence  of  such  a  mech¬ 
anism.  This  initial  process  may  continue  as  an  overt  septicemia  or,  as  des¬ 
cribed  by  Albrlnk&J  in  the  chimpanzee,  may  be  controlled  by  the  host.  In  »ddi-  . 
tion.  In  M.  mulatta,  organisms  impinging  on  damaged  lungs  may  germinate  at  the 
site  and  thus  produce  a  continuing  flow  of  organisms,  either  to  lymph  nodes  or 
directly  into  the  blood  stream.  The  result  is  to  place  this  susceptible  animal 
in  double  Jeopardy  with  either  or  both  routes  operative.  In  theory,  in  "resis¬ 
tant"  animals  the  local  lung  lesion  would  be  of  considerable  importance,  thus 
insuring  a  continuing  source  for  blood  stream  or  lymph  node  Involvement.  Find¬ 
ings  In  one  human  case  at  autopsy!^!/  conform  to  this  hypothesis. 

Perhaps  the  lijured  bronchiole  may  serve  to  facilitate  the  initial  "direct" 
entry  of  B.  anthracis,  being  somewhat  comparable  to  the  additive  effect  des¬ 
cribed  by  Velu  et  aljUft./  for  chlorine  as  a  " pre-exist ingf'  injurious  agent. 

V.  SUMMARY 

One  of  the  sites  of  initiation  of  infection  in  respiratory  anthrax  in 
M.  mulatta  is  the  bronchiolar  wall  providing  a  pre-existing  paraaitlc  lesion 
is  present.  When  anthrax  la  superimposed,  there  results  a  necrotizing  and 


ulcerative  broechiollti.  elth  W  ’“,,,0“tr 

lesion.” 

ui  u  hecosr.cB  disseminated  are  discussed.  Evi- 

«  result  either  b,  W»» 

or  by  Che  blood  stream. 
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STUDIES  ON’  BACILLUS  A  NTH? AC  IS 

PART  6 

PATHOLOGY  OF  SUBCUTANEOUSLY  INDUCED  ANTHRAX  IN  CHIMPANZEES 
(Bordjis,  Gleioer,  Gochcnour  and  Hartr.ian) 

I,  INTRODUCTION 


The  detailed  pathologic  observations  and  pathogenesis  of  exper imental 
intradermal  anthrax  in  Hseaca  nulatta  were  presented  earl'.eri./.  Although 
numerous  reports  have  been  published  on  experimental  anthrax  in  a  variety 
of  laboratory  animals,  no  observations  are  available  in  the  chimpanzee  in¬ 
fected  by  the  cutaneous  route.  Albrink  and  Goodlowl'  reported  on  four  chim¬ 
panzees  infected  by  the  respiratory  route. 

The  purpose  of  this  paper  is  to  portray  the  pathogenesis  and  describe  the 
histopathologic  changes  occurring  in  chimpanzees  inoculated  subcutaneously 
with  spores  of  Bacillus  anthracis  and  to  compare  these  findings  with  those 
found  previously  ia  M.  mulatta. 

II.  MATERIALS  AND  METHODS 


Eleven,  young,  adult,  healthy  chimpanzees*,  seven  of  which  were  females, 
were  inoculated  with  the  following  doses  of  B.  anthracis  spores:  500,  5000, 
10,000  and  50,000.  The  dose  distribution  data  ia  presented  in  Table  I. 


TABLE  1.  DISTRIBUTION  OF  CHIMPANZEES  BY  INFECTING  DOSES 


GROUP 

DOSE  (NO.  OF  SPORES) 

NUMBER  OF  ANIMALS 

I 

500 

3 

II 

5,000 

3 

III 

10,000 

4 

IV 

50,000 

1 

The  spore  suspension  used  in  this  experiment  was  Vollua-189  strain  of  I). 
anthracis  which  had  been  stored  at  5*C  in  a  concentration  of  approximately 
5  x  10i:J  ap^res/ml.  This  suspension  was  heat-shocked  at  60*C  for  30  minutes 
43  hours  prior  to  use  and  standardized  to  a  density  of  100,000  spores/ml. 

All  animals  were  inoculated  on  the  inner  surface  of  the  right  forearm  with 
appropriate  dilutions. 

All  animals  were  observed  daily  for  attitude  and  changes  at  the  site  of 


*  The  chimpanzees  employed  had  been  used  in  previous  studies  on  typhoid 
fever.  They  were  in  good  health  at  the  time  of  anthrax  challenge. 


inoculation  and  regional  lymph  nodaa.  Because  of  difficulty  in  handling  the 
animals,  other  clinical  observations  were  not  obtained. 

Except  for  tha  chimpanzees  in  the  500- spore  group  which  recovered  and  were 
re-challenged,  all  other  animals  died.  Complete  autopsies  were  performed  at 
death  and  representative  sections  were  fixed  in  10  per  cent  formalin.  Soutine 
histologic  procedures  were  used.  All  sections  were  stained  with  hematoxylin 
and  eosln  (HAS).  Blood  smears  were  obtained  at  autopsy. 

The  three  survivors  in  the  500-apore  group  were  re- Inoculated  subcutaneously 
on  day  10  with  5000  spores;  25  days  after  the  second  challenge  the  two  survivors 
were  Inoculated  with  50,000  spores.  Ail  three  died  of  septicemic  anthrax  with 
typical  findings  at  autopay. 


III.  RESULTS 


A.  CLINICAL  OBSERVATIONS 

The  only  pertinent  observation  regularly  recorded  was  that  of  the  evolution 
of  the  lesion  at  the  site  of  inoculation;  this  process  followed  essentially 
the  same  course  as  that  described  in  M.  mulattal/.  i.i.,  there  was  frequently 
an  edematous,  elevated,  erythematous  lesion  developing  during  the  first  two  days 
which  either  regressed  in  survivors,  or  became  extensive  and  infiltrative. 

Death  occurred  between  three  and  nine  days,  often  accompanied  by  extensive 
cellulitis  (which  occasionally  involved  the  entire  arm)  and  respiratory  distress 
or  other  clinical  evidence  of  septicemia,  such  as  weakness,  lethargy,  depres¬ 
sion  and  coma.  Blood  smears  at  autopsy  always  contained  bacilli. 

B.  GROSS  PATHOLOGY 

The  findings  in  chimpanzees  were  essentially  similar  to  those  described  in 
M.  rcul«tt»»  although  hemorrhages  and  hemorrhagic  lesinns  were  more  frequent. 

1.  Skin,  Site  of  Inoculation. 

As  in  monkeys,  the  most  conspicuous  finding  was  cellulitis,  with  infil¬ 
trating  gelatinous  edema,  hemorrhage,  and  involvement  of  the  tributary  lymph 
nodes  and  neighboring  soft  tissues, 

2.  Lymphatic  System. 

Hemorrhagic  and  necrotic  lymph  nodes  with  or  without  perilymphatic  dam¬ 
age  ,  were  essentially  similar  to  those  of  monkeys.  Lymphadenopathy  was  mostly 
confined  to  the  tributary  lymph  nodaa,  seldom  becoming  generalised.  The  spleen 
was  normal  in  else  or  enlarged  and  soft. 

3.  Respiratory  System. 

Congestion,  disseminated  petechlae,  and  pulmonary  hemorrhages  were  seen 
In  the  chimpensee  lungs.  Chimpansees  were  free  of  mite  lesions  with  one  excep- 


131 


tlon.  Mediastinal  edema  was  not  prominent.  In  two  instances  marked  hydro¬ 
thorax  occurred,  one  of  which  vaa  hemorrhagic. 

4.  Gastrointestinal  Tract. 

Intestinal  lesions  caused  by  the  following  genera  were  commonly  found: 
Oesophagostoinum,  St rorgyl oldc s .  and,  less  often,  Ascttls.  The  lesions  of 
oesophagostomiasis  were  seen  in  the  lower  portions  cf  the  intestinal  tract. 

For  details  on  these  parasites  the  reader  is  referred  to  Ruch*a  Diseases  of 
Laboratory  _Primnt 

5*  Central  Nervous  System. 

Only  one  animal  (5000-spore  group)  had  massive  hemorrhagic  meningitis 
at  autopsy  on  day  5.  Other  chimpanzees  had  either  cerebral  edema  or  no  sig¬ 
nificant  changes. 

Cardiovascular  System. 

In  contrast  with  M.  mulatta ,  the  heart  was  more  often  damaged  by  hem¬ 
orrhages  of  varying  severity,  from  focal  petechial  to  linear  or  extensive. 

In  one  animal  (50, 000-spore  group)  the  cardiac  hemorrhage  was  massive  and 
was  accompanied  by  generalized  hemorrhage.  In  two  other  animals  of  the  10,000- 
spore  group,  generalized  hemorrhages  were  also  observed. 

7,  Other  organs. 

Focal  or  extensive  hemorrhages  were  occasionally  seen  In  adrenal  glands 
and  ovaries. 

C.  MICROSCOPIC  PATHOLOGY 

1.  Skin.  Site  of  Inoculation. 

Extensive  cellulitis,  characterized  by  massive  edema,  mono-and  poly¬ 
morphonuclear  leucocytic  infiltration,  hemorrhage,  and  necrosis  with  myriads 
of  bacilli,  was  found  at  the  site  of  Inoculation  (Figures  1  and  2).  This  was 
comparable  to  that  seer,  in  lntradermally  Infected  monkeys,  although  hemor¬ 
rhage  was  more  prominent  and  predominantly  perivascular,  forming  multiple, 
well-circumscribed  "candle  flame-like"  areas.  Necrotizing  vasculitis,  and 
septic  or  bacterial  thrombi  were  seen.  Widespread  cellular  infiltrates  were 
especially  marked  about  the  blood  vessels  and  necrotic  areas.  When  the 
lesion  was  intensely  phlegmonous,  neighboring  striated  muscles  were  involved, 
appearing  as  a  focal  or  diffuse  myosltla. 

2.  Lymphatic  System. 

Here  as  in  M.  mulatta.  the  lymphatic  tissue  response  vaa  variable. 

In  the  chimpanzee  tributary  axillary  lymph  nodes  were  more  damaged  than  others. 
Zn  severely  affected  nodes  the  principal  histologic  features  were  necrosis, 
hemorrhage ,  marked  depopulation  of  lymphoid  elements,  varying  numbers  of  in- 
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figure  i  win,  site  of  inoculation  (so.ooo- spore  grour.  oat  4)  cellulitis 

EXTENSIVE  EDEMA  a  NECROSIS  WITH  WELL  CIRCUMSCRIBED , 'FLAME-LIRE 
PERIVASCULAR  HEMORRHAGE  a  INTACT  EPITHELIAL  SURFACE  HIE  XS  ACCOM 
FIGURE  *  SPIN,  5lTE  OF  INOCULATION  (5,000-SPORE  GROUR,  OAT  5  )  CELLULITIS 
PERIVASCULAR  HEMORRHAGE,  FRAMED  ST  MASSIVE  INVASION  OF  BACILLI 
(NECROSIS  I,  FDEMA  a  INFLAMMATORY  REACTION  HIE  X4J2  ACC.  1*43 
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LYMW  NOOE,  AXILLARY,  TRIBUTARY  OR  THE  SITE  OR  MODULATION 
(SO, 000- SPORE  GROUP,  DAY  4).  MASSIVE  HEMORRHAGE  WITH  ALMOST 

complete  destruction,  only  a  few  fragments  or  lymphoid 

FOLLICLES  ARE  VISIBLE  AT  THE  PERIPHERY  B  AT  THE  CENTRAL 
F OPTION,  HUE  (A)  XB  (B)  XSI.  ACC  I29B 


1)4 


flananatory  cell*,  and  masses  of  bacilli  (Figure  3).  Hemorrhage  we*  frequently 
predominant ,  In  contrast  with  findings  In  the  monkey.  Necrotizing  vasculitis 
va»  occasionally  encountered  in  the  nodes. 

The  degree  of  splenic  Involvement  also  varied  Intensively  from  one  ani¬ 
mal  to  another.  Hemorrr-age  and  necrosia  (Figure  4)  occurred  frequently,  accom¬ 
panied  by  an  Intense  cellular  infiltrate  and  myriads  of  bacilli.  All  degrees 
of  dsmags  were  observed. 

3.  Respiratory  System. 

Lesions  of  pulmonary  acarlasls  were  seen  In  only  one  chimpanzee.  Oc¬ 
casionally  localized  fibrosis  with  or  without  inflammatory  reaction  end  con¬ 
comitant  atelectasis  were  found  with  no  parasites  visible.  These  were  attrib¬ 
uted  to  other  causes,  poaalbly  other  parasitic  infestations. 

The  pulmonary  charges  were  comparable  to  those  seen  in  the  monkey.  How¬ 
ever,  pulmonary  hemorrhages  and  hemorrhagic  pneumonitis  wars  more  extensive,  al¬ 
though  severity  was  variable.  In  the  chimpanzee,  pulmonary  hemorrhage  wee  ac¬ 
companied  by  severe  congestion  and  focal  edema  (Figure  3).  Diffuse,  generalized 
pulmonary  edema  was  occasionally  observed. 

Numerous  bacilli  were  frequently  present  within  the  alveolar  capillaries. 
Multiple  clumps  or  large  aggregates  of  bacilli  were  often  observed  throughout 
the  lung  parenchyma,  aspects' ly  when  severe  hemorrhagic  pnaumonltla  vaa  present 
(Figure  4).  Often  this  bacillary  invasion  was  associated  with  bacterial  thrombi. 

4.  Cardiovascular  System. 

Focal  and  generalized  hemorrhages  were  frequently  observed  and  were  prob¬ 
ably  related  to  the  vascular  damage,  obvious  capillary  rupture,  and  possibly 
damage  of  larger  vessels.  T'.e  neerotlring  vasculitis,  intimately  related  to 
septicemia,  and  found  in  several  organs  ar.d  frequent  accumulations  of  bacilli 
around  blood  vessels  support  this  observation. 

Hemorrhage  and  necrosis  involving  the  endocardium,  myocardium  and  epi- 
cardium  were  seen  more  frequently  in  chimpanzee  heart  than  monkey.  Although 
extensive  pericardial  and  suh-r.dccerdlal  hemorrhages  associated  occasionally 
with  myocardial  necrosia  we^e  observed,  there  was  no  evidence  of  substantial 
inflammatory  reaction  (Figure  6).  Collections  and  masses  of  bacilli  were  found 
either  about  the  bleed  vessels  or  in  the  damaged  areas. 

5.  Gaatroir.teatlna?  "‘rs-t. 

Hemorrhages,  erosion,  and  ulceration  vara  frequently  observed  m  the 
intestinal  snicoaa  associated  with  parasitic  lesions.  Cysts  or  nodules  contain¬ 
ing  one  or  more  nematodes  were  seen  in  the  submucosa  or  mesenteric  attachments 
of  the  lower  colon.  Frequently  sections  of  nematodes  or  their  larval  forma 
were  seen  within  the  intestinal  mucosa.  Many  of  these  parasitic  lesions  con¬ 
tained  bacilli  (Figure  7<.  Eventually,  theae  auperinfected  lesions  appeared  as 
necrotizing  hemorrhagic,  ’ce native  enteritis  densely  populated  with  bacilli. 
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FIGURE  4  SPLEEN  (10,000-SPORE  GROUP,  OAT  4 ).  HIE. 

(A)  ACC.  734  DESTRUCTION  ALMOST  COMPLETE  GY  HEMORRHAGE 
«  NECROSIS.  XE50 

(•)  ACC.  Gtt  LESS  DESTRUCTION.  X  57. 
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(A)  LEFT  VENTRICLE  WITH  ENDOCARDIUM  ABOVE  •  A  «ui>. 
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No  extensive  necrosis  was  observed.  The  findings  can  be  aumarized  as: 
varying  degree*  of  congestion  and  edema  associated  with  minimal  to  moderate  hep 
atocellular  degeneration  and  small  foci  of  necroala,  always  accompanied  by 
many  bacilli  (Figure  8). 

7.  K miner  1 ne  Glands. 


Focal  or  diffuse  hemorrhages  of  adrenal  cortex,  generally  accompanied 
by  necrosis  and  partial  destruction  of  the  parenchyma,  were  found  In  one  or 
both  glands  (Figure  9).  Large  numbers  of  bacilli  were  associated  with  these 
damaged  areas.  The  medulla  was  never  Involved. 

In  two  of  seven  females,  the  ovaries  were  the  site  of  narked  hemor¬ 
rhagic  oophoritis  with  myriads  of  bacilli  and  parenchymatous  destruction. 

Other  glands  were  consistently  spired. 

8.  Central  Nervous  System. 

Massive  hemorrhagic  meningitis,  with  extensive  inf lanmatory  reaction 
(monocytes  and  polymorphonuclear  cells),  diffuse  necrosis  and  massive  invasion 
of  bacilli  was  aeen  in  one  5000-spore  animal  (Figure  10). 

9.  Genitourinary  System. 

Hemorrhages  were  frequently  observed  In  the  organs  of  this  system.  How¬ 
ever,  no  extensive  lesions  or  substantial  tissue  destruction  were  seen. 

Renal  tubules  in  two  animals  contained  an  eosinophilic,  fine,  granular, 
proteln-like  precipitate  with  little  or  no  damage  to  the  epithelial  lining. 

No  blood  or  hemoglobin  casts  were  recognized  In  the  tubules  to  warrant  a  diag¬ 
nosis  of  "lower  nephron  nephrosis’*  or  "acute  tubular  necroala."  In  all  cases 
the  glomeruli  contained  varying  numbers  of  bacilli,  and  small  bacterial  thrombi 
were  occasionally  found  within  the  renal  parenchyma. 

An  acute,  hemorrhagic,  ulcerative  pyelitis  with  concomitant  cystitis, 
containing  bacilli  was  seen  in  one  anlmtl.  It  was  not  clear  whether  a  pre¬ 
existing  lesion  was  present  and  was  infected  with  anthrax  or  whether  the  lesion 
was  the  result  of  septicemia.  Figure  11  illustrates  this  ulcerative  lesion 
with  collections  of  bacilli. 

10.  Musculoskeletal  System. 


Apart  from  the  myositis  described  at  the  site  of  inoculation,  no  sig¬ 
nificant  pathologic  changes  were  observed  in  muscle.  Small  foci  of  necrosis 
generally  containing  bacilli,  were  often  encountered  in  the  bone  marrow. 

11 .  Thymus. 

As  In  monkey,  the  ~hymus  was  not  affected. 


FIGURE  7.  GASTROINTESTINAL  TRACT.  (SO,  OOO- SNORE  6R0UP,  OAT  4) 
SUPERPOSITION  OF  ANTHRAX  ON  A  PRE-EXISTING  PARASITIC 
LESION  HOE.  ACC.  1298. 

(A)  NECROTIZING,  HEMORRHAGIC,  ULCERATIVE  ENTERITIS  WITH 
MASSES  OF  BACILLI.  X5I. 

(8)  ACCUMULATION  OF  BACILLI  ON  THE  SURFACE  EPITHELIUM.  XIB7. 


FIGURE  8  LIVER  ( 10,  OOO-SPORE  GROUP,  DATA).  FOCAL  NECROSIS  WITH 
NUMEROUS  BACILLI  K  I  E  X 175  ACC  *12 
FIGURE  9  ADRENAL  (10,  UOO  SPORE  GROUP,  DAT  7).  EXTENSIVE  CORTICAL 
HEMORRHAGE  a  NECROSIS .  CORTICAL  STRUCTURE  CAN  STILL  BE 
FOLLOWED  IN  THE  LOWER  PORTION.  HIE.  X5I.  ACC  735 
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IV.  Discussion 


A  comparison  of  these  animals  dying  st  different  tint,  revealed  that  the 
pri  ncipal  leaiona  were  hemorrhage  and  necroaia.  The  hemorrhagic  lealona  ware 
focal,  multiple,  or  generalized;  their  frequency  did  not  appear  to  be  dose- 
dependent.  It  is  assumed  that  the  hemorrhages  were  intimately  related  to 
septicemia. 

Except  for  the  500-spore  group  which  survived,  all  the  chimpanzees  died 
between  3  and  7  days  post-primary  challenge.  This  is  in  contrast  with  monkeys 
which  succumbed  even  at  the  500-spore  level.  No  significant  difference  was 
found  in  the  times  of  death  between  the  original  groups  (Table  II).  There 
is  a  suggestion  in  the  death  times  that  the  Group  I  animals  were  somewhat 
more  resistant  when  reinoculated  with  higher  doses  of  spores. 


TABLE  II.  SURVIVAL  TIME  OF  CHIKF\NZE2S  INFECTED  SUBCUTANEOUSLY  WITH 
B.  ANTHRACIS 


CROUP 

DOSE 

(Spores) 

NO.  DEAD/TOTAL 

TIKE  OF  DEATH  (days) 
Ranj;e  Avx 

I 

500 

0/3 

m» 

4» 

II 

5,000 

3/3 

4-5 

4.6 

III 

10,000 

4/4 

3-7 

4.5 

IV 

50,000 

1/1 

4 

4 

Re-challenge  of  Group  I  survivors 

5,000 

1/3 

9 

9 

50,000 

2/2 

5-6 

5.5 

The  principal  lesions  aa  listed  previously  in  intradarmal  anthrax  in  the 
monkeyl/ ,  were  also  observed  in  chimpanzees  with  a  few  minor  differences. 
Except  for  the  tributary  lymph  nodes,  the  lymphatic  system  was  lass  affected 
than  that  of  the  monkeys.  The  lymph  nodes  and  spleen  were  aors  hemorrhagic 
than  necrotic.  Extensive  necrotic  lysis  usually  seen  in  monkeys  waa  replaced 
by  focel  or  patchy  necroaia  and  more  prominent  hemorrhage. 

Even  though  the  respiratory  system  in  this  host  waa  not  affected  by  mite 
lesions,  the  lungs  were  the  site  of  frequent  hemorrhages,  hemorrhagic  pneu¬ 
monitis,  intense  congestion  associated  with  edema,  and  invariably  myriads  of 
bacilli  with  concomitant  bacterial  thrombi.  This  finding  is  comparable  to 
that  of  Albrlnk  and  Goodlon£/  in  chimpanzees  infected  with  anthrax  by  the 
respiratory  route. 

Frequent  cardiovascular  hemorrhagic  changes  observed  in  these  animals  were 
contrasted  with  occasional  such  local  lesions  In  monkeys. 
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In  contrast  with  the  stonkey,  ulcerative  hemorrhagic  enteritis  with  myriads 
of  bacilli  was  a  constant  finding. 

It  is  noteworthy  that  in  both  species  dying  fro*  septicemia  and  Its  c o*p- 
ilcationa,  the  nature  and  distribution  of  lesions,  and  the  relative  sensitive 
lty  of  organs  remain  essentially  unchanged,  with  only  two  exceptions.  The 
exceptions  are  the  cardiovascular  eystaa  and  the  lungs  in  which  la  the  chla- 
panzee  there  were  wore  severe  and  extensive  hemorrhages. 

These  studies  indicate  that,  as  in  the  wonkey,  after  the  development  of 
the  local  lesion  at  the  site  of  inoculation,  the  blood  and  the  lymphatic  system 
are  concurrently  the  first  targets  for  B.  snthrscls  sporss.  Tha  dissemination 
of  organisms  and  generalization  of  anthrax  Infection  ere  subsequently  achieved 
by  these  two  systems^  here  ee  In  the  monkey,  there  le  no  eleer-cut  explanation 
as  to  which  route  prevails.  However,  the  presence  of  sure  hemorrhagic  lesions 
and  multiple  vlscerel  hemorrhages  seem  to  indicate  a  blood* borne  dissemination. 
The  constant  presence  of  bacilli  In  the  glomerular  tufts  and  frequent  bacterial, 
thrombi  in  e  relatively  resistant  organ  such  as  kidney  with  no  significant 
pathologic  changes  also  favor  the  blood  route  predominance.  Furthermore, 
severe  damage  to  the  axillary  lymph  nodes  (tributary  to  tha  site  of  lnocule* 
tlon)  with  relative  sparing  of  other  nodes  favors  this  route. 

V.  SUMMAKT 

A  comparison  wee  made  of  the  pathogenesis  end  histopathologic  evolution  of 
experimental  anthrax  in  the  chimpanzee  and  monkey  (M.  mulatto). 

Although  the  lesions  were  essentially  similar  end  due  to  septicemia  In 
both  hosts,  anthrax  infection  engendered  more  hemorrhage  end  hemorrhagic  lesions 
In  the  chimpanzee . 

Superinfection  of  anthrax  on  a  pre-existing  intestinal  parasitic  lealom  wee 
e  rule,  rather  then  an  occasional  finding,  ea  in  the  monkey. 

Chimpanzees  survived  e  low-dose  challenge  of  500  spores,  but  succumbed  to 
re-chellengee  with  higher  doses.  Monkeys  died  at  such  a  '.challenge  level. 

Germination  of  B.  erthrecls  end  initiation  of  letlone  at  tha  alta  of  inocu¬ 
lation  and  the  generalization  of  tha  Infection  by  blood  or  lymphatic  eystama 
were  discussed.  The  evolution  appears  to  be  similar  in  both  hosts. 


Despite  differences  in  routes  of  infection,  these  chimpanzees  rssponded  In 
e  comparable  manner  to  chimpanzees  Infected  by  the  respiratory  route  as  des¬ 
cribed  by  Albr  inks' . 
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STUDIES  OK  BACILLUS  ANTHIACIS 


FAST  7 

OBSERVATIONS  ON  PENICILLIN  FROmLAXlS  CF 
EXPERIMENTAL  INHALATION  ANTHRAX  IN  THE  KQKUT 
(Gochenour,  Gleiser,  and  Tigertt) 

I.  INTRODUCTION 

Anthrax  in  the  lluiui  monkey  (Macaca  umlatta)  induced  by  respiretory  ex¬ 
posure  to  spores  of  a  virulent  strain  of  Beclllus  snthrscts  in  doses  greeter 
than  1  x  10?  spores  is  a  rapidly  fatal  illness,  death  occurring  by  the  sixth 
day.  The  clinical  nanlfe stations  are  undraastic  and  inconsistent;  Fever, 
respiratory  distress,  depression,  or  convulsions  prior  to  exitue  mey  or  nay 
not  be  manifest.  At  autopsy,  massive  bacteremia  is  characteristic.  Coanon 
gross  findings  are  intrathoraclc  lymphadenopathy,  lung  hemorrhages,  edestatous 
medlastlnltls,  adrenal  hemorrhage,  splenomegaly,  hemorrhagic  meningitis,  and 
hydrothoraxl/ . 

In  a  series  of  experiments  on  prophylaxis  of  inhalation  anthrax  im  the 
monkey,  Henderson  ejt  els'  found  that  a  5- day  course  of  intramuscular  (IM) 
procaine  penicillin,  150,000  unite  dally,  initiated  24  hours  post-exposure , 
merely  delayed  the  times  to  death  of  animals  so  treated  when  compared  to 
those  of  non-treated  controls.  Vnen,  however,  they  supplemented  the  same 
regimen  with  two  doses  of  protective  antigen!' ,  the  first  at  24  hours  post* 
exposure,  end  the  second  10  days  later,  all  animals  survived  respiratory  in* 
feet ion  fatal  to  control  animals. 

In  the  course  of  studies  conducted  by  the  authors  and  their  assoc  latest 
on  respiratory  anthrax  in  sheep,  prophylaxis  was  initiated  24  hours  post* 
exposure.  Five  therapeutic  regimens  were  employed.  Protective  antigen  alone 
had  no  effect  on  the  infection.  All  animals  in  each  of  the  four  other  groups 
survived.  No  evidence  of  a  requirement  for  administration  of  protective 
antigen  for  successful  prophylaxis  of  respiratory  anthrax  la  the  sheep  was 
afforded  by  this  experiment. 

The  requirement  for  administration  of  protective  antigen  to  the  monkey 
for  successful  prophylaxis  of  Inhalation  anthrax  and  the  leek  of  such  require* 
went  for  successful  prophylaxis  in  the  sheep  may  be  reconciled  by  either  of 
two  hypotheses,  both  compatible  with  the  observed  essentially  similar  patho* 
genesis  of  respiratory  anthrax  la  these  two  species. 

First,  unlike  the  sheep,  the  monkey  may  be  unable  to  respond  adequately, 
if  at  all,  to  anthrax  antigens  elaborated  during  hie  infection  prior  to  anti¬ 
biosis.  This  might  bo  attributable  to  failure  to  recognise  and  respond  to 
protective  antigen  in  its  combined  native  state,  or  to  a  slow  rate  of  lxesune 
response  to  the  antlgtmlc  stimulus. 

Second,  the  rate  of  entrance  into  the  lymphatics  by  the  spores  and  their 
subsequent  germination  and  invasion  of  the  blood  stream  in  the  monkey  nay  be 


spiritedly  less  rapid  than  in  the  sheep.  Xarly  sttsinsnat  of  bactericidal  blood 
levels  of  penicillin  would  under  these  circumstances  destroy  the  bacilli  as 
rapidly  as  they  entered  the  blood  stream,  thus  depriving  the  monkey  of  any  sig¬ 
nificant  antigenic  stimulus  to  antibody  production.  The  sheep,  on  the  other 
hand,  might  well  have  had  experience  with  relatively  large  numbers  of  blood- 
borne  bacilli  and  thus  have  received  an  adequate  antigenic  stimulus  prior  to 
the  attainment  of  bactericidal  blood  levels  of  penicillin.  This  would  result 
in  monkeys  vulnerable  to  infection  with  anthrax  after  cessation  of  antibiotic 
administration  and  sheep  "in  a  continuous  state  of  prophylactic  readiness.".!/ 

If  the  first  hypothesis  is  correct,  prophylaxis  alone  should  be  unsuccess¬ 
ful  regardless  of  the  time  of  its  initiation.  If  the  second  were  correct, 
prophylaxis  with  penicillin  alone  should  be  unsuccessful  if  Initiated  early 
post-challenge  end  eucceasful  if  delayed. 

The  studiee  reported  herein  were  conducted  to  teat  these  hypotheses.  An 
effort  wee  made  to  replicate  in  so  far  as  possible  the  conditions  under  which 
tfte  experiments  of  Henderson  and  hia  assoicates^'  were  conducted. 

II,  MATERIALS  AMD  METHODS 

Vollum-139  strain  of  B.  enthrecie  was  employed.  It  was  preparad  in  1957 
and  vaa  stored  as  a  phenolated  spora  auapenaion  (4  x  lO^O/ml)  at  5*C  until 
used.  Spore  suspenslone  were  diluted  in  distilled  water  end  heat-shocked  at 
60*C  for  30  minutes  prior  to  aerosollsetion.  The  guinea  pig  subcutaneous 
LD50  of  thia  auapenaion  has  remained  constant  at  <4  spores. 

The  device  used  for  respiratory  exposure  generated  a  dynamic  aerosol  cloud 
at  the  rate  of  20  standard  cubic  feet  per  minute;  humidity  was  controlled  at 
80  percent  for  all  exposures.  A  Collison  generator^/  was  used  to  disseminata 
the  spores.  This  fixture  produces  a  predominantly  amt  11  particle  aerosol  with 
e  mass  median  diameter  of  approximately  l.^i.  The  monkeys  were  expoqed  in 
helmets  through  which  the  aerosol  flowed  at  a  rate  of  25  L/min,  and  wera  cal¬ 
culated  to  have  breathed  approximately  1  L/min.  estimation  of  aerosol  concen¬ 
tration  presented  to  the  monkeys  was  made  by  examination  of  samplas  obtained 
from  all  glass  impingera  (AGI-30'a)  in  the  affluent  air  lines  from  the  expos- 
ure  helmets. 

Twenty  M.  muletta.  ranging  in  weight  from  1.6  to  3.1  kg  were  used.  The 
drug  regimen  employed  wee  five  single  dally  dosae  of  150,000  units  procaine 
penicillin  D<  for  a  total  of  750,000  unlta.  Drug  was  startad  at  24,  48  and 
72  hours.  Six  untreated  animals  served  as  controls.  Blood  cultures  were  ob¬ 
tained  on  ell  animals  at  the  time  of  initiation  of  therapy.  The  control  ani- 
ms  Is  wera  examined  for  bacteremia  on  days  1,  2  and  3. 

III.  IBS CITS 

Respiratory  doses  presented  to  the  monkeys  ranged  from  345,000  to  1,200,000 
spores  with  a  geometric  mean  of  783,000. 

The  six  non-treated  control  animals  succumbed  to  the  infection,  deaths 
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occurring  on  days  2,  3  and  4.  Five  of  the  alx  had  demonstrable  bacteremia 
prior  to  death.  All  were  grossly  bacteremlc  at  death.  Fever  was  noted  in 
only  two  animals. 

Four  of  five  monkeys  placed  on  penicillin  prophylaxis  at  24  hours  succumbed. 
Deaths  occurred  on  the  fourth  (2  animals),  eighth  and  ninth  days  after  ces¬ 
sation  of  therapy.  Rone  of  the  animals  had  demonstrable  bacteremia  or  fever 
at  t ime  of  initiation  of  penicillin.  Mo  bacteremia  was  demonstrable  prior  to 
death  in  one  animal  grossly  bacteremlc  at  death  on  the  fourth  day  after  ces¬ 
sation  of  penicillin.  Fever  and  bacteremia  were  present  from  two  to  three 
days  prior  to  death  in  the  three  others  that  died.  The  remaining  animal  sur¬ 
vived,  despite  fever  and  bacteremia  on  the  tenth  through  thirteenth  post- 
prophylactic  days. 

One  of  five  monkeys,  43  hour  drug  group,  died  on  the  fifth  day  after  ces¬ 
sation  of  drug.  This  animal  was  bacteremlc  at  the  time  of  initiation  of  peni¬ 
cillin  .  It  experienced  two  days  of  fever  prior  to  death,  at  which  time  B. 
anthracia  was  isolated  from  the  blood.  The  four  remaining  animals  in  this 
group  survived.  Three  were  baclllemic  at  the  time  prophylaxis  was  started, 
at  which  time  one  was  febrile.  This  was  the  only  animal  in  the  group  which 
remained  afebrile  after  cessation  of  penicillin.  The  single  animal  iflth  a 
negative  blood  culture  at  the  time  penicillin  was  started,  was  febrile  on  the 
eleventh  through  fourteenth  days  after  drug  was  discontinued.  Bacteremia  was 
demonstrated  on  the  last  day  of  the  febrile  episode. 

Two  of  the  four  monkeye  in  which  prophylaxle  waa  delayed  until  72  hours 
post-exposure  succumbed  to  the  infection  while  on  therapy.  Both  were  bacter¬ 
emlc  at  the  time  of  Initial  administration  of  the  drug  and  one  had  bean  fe¬ 
brile  for  two  days.  The  other  two  animals  wars  both  febrile  and  had  negative 
blood  cultures  at  the  time  they  received  their  first  dose  of  penicillin.  Both 
were  afebrile  thereafter;  bacilleaia  waa  not  demonstrable. 

Table  I  summarizes  the  significant  gross  autopsy  findings  on  the  animals 
succumbing. 

All  surviving  monkeys  were  observed  for  a  period  of  31  days  after  exposure 
at  which  time  they  were  inoculated  subcutaneously  with  5,000  heat-shocked 
spores.  The  animals  at  this  time  had  serologically  demonstrable  antibody 
against  B.  anthracia.  All  survived  without  ill  affect. 

IV.  DISCUSSION 

The  results  obtained  indicate  that  the  monkey,  like  the  aheap,  la  capable 
of  responding  to  in  vivo  elaborated  anthrax  antigens.  Under  circumstances  in 
which  an  adequate  antigenic  stimulus  is  presented  to  the  monkey,  its  response 
is  sufficiently  rapid  to  attain,  within  the  period  of  antibiotic  cover,  a 
level  of  immunity  sufficient  to  permit  the  monkey  to  cope  with  the  remaining 
anthrax  organisms  as  they  leave  the  lungs  and  gain  entrance  to  the  body. 

It  la  apparent  that  the  time  of  initiation  of  bactericidal  drug  is  criti¬ 
cal.  As  in  the  experiments  of  Henderson  et  els' .  the  monkeys  treated  at  24 
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hours  were  essentially  without  benefit  of  antigenic  stimulus  and  remained 
vulnerable  to  infection.  Delay  until  72  hours  on  the  other  hand  permitted 
this  rapidly  fulminating  infection  to  pass  beyond  the  point  of  no  return  in 
half  the  animals  so  treated. 

It  is  of  note  that  the  surviving  monkeys  did  not  universally  attain  coo* 
plete  refractoriness  to  infection  after  drug  cassation.  It  is  strongly  sug- 
gested  by  the  post-therapy f ever*  in  four,  and  demonstrable  bactercaia  in  two 
aonkeys,  auggest  that  the  response  in  some  nay  be  barely  aufflcient  to  awing 
the  balance  in  the  favor  of  the  animal . 

These  experiments  further  suggest  that  had  penicillin  prophylaxis  been 
initiated  earlier  in  the  above-mentioned  studies^/  in  sheep,  a  requirement 
for  the  administration  of  protective  antigen  for  successful  prophylaxis  might 
have  been  demonstrated. 

Intrathoracic  lymph  node  and  mediastinal  involvement  were  much  more  exten¬ 
sive  and  severe  in  the  animals  dying  after  cessation  of  early  penicillin  pro¬ 
phylaxis  than  in  non-treated  animals.  This,  coupled  with  the  higher  incidence 
of  fever  in  the  treated  group,  suggests  that  tha  disease  in  such  animals  more 
nearly  simulates  human  respiratory  anthrax* Rhesus  monkeys  may  serve  aa  appro¬ 
priate  models  for  study  of  early  diagnosis  and  therapy. 

V.  SUMMARY 

The  result  of  penicillin  prophylaxis  of  experimental  inhalation  anthrax 
in  the  Iheaua  monkey  has  been  shown  to  be  dependant  upon  tha  time  of  its  in¬ 
itiation.  If  begun  too  early,  it  is  unsuccessful.  It  may  not  be  too  long 
delayed,  or  the  infection  will  have  passed  the  point  of  no  return.  A  brief, 
critical  time  period  exists,  during  which  successful  prophylaxis  may  be  in¬ 
itiated.  This  favorable  outcome  is  attributed  to  tha  elaboration  in  vivo  of 
sufficient  antigen  (s)  to  stimulate  an  adequate  immune  response,  prior  to  the 
initiation  of  antlolosls. 
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